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UPPER EAST FORK CAVE CREEK AREA DRAINAGE MASTER STUDY

EXECUTIVE SUMMARY

ABSTRACT

This report on the Upper East Fork Cave Creek Area Drainage Master

Study has been prepared for the Flood Cont ro 1 Di st ri ct of Mari cop a

County, the City of Phoenix, and the Maricopa County Highway

Department to achieve the following objectives:

1. To document the status of existing runoff and flooding

conditions in a 16 square mile study area shown on Figure 1.1.

2. To i dent ify and evaluate alternat i ves for prov i di ng IOO-year

flood protection.

3. To identify i~rovements needed to i~lement the recommended

alternati ve.

4. To develop cost estimates and preliminary engineering design

data for the proposed flood protection plan.

To meet the first of these objectives, runoff modelling was

performed using the Soil Conservation Service TR-20 runoff synthesis

model. Using this model, lOO-year, 50-year and lO-year flood

hydrographs were synthesi zed throughOut the study area. Because

Upper East Fork Cave Creek is within an alluvial fan which is

characterized by numerous small drainage features which approximate

an overland flow condition, a two dimensional diffusion model was

applied as an aid in delineating overland flow paths. The final

watershed model was found to produce results closely matching

results of previous FEr1A studies at the outlet of the Upper East

Fork Cave Creek watershed.
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Four alternatives were then considered for providing lOa-year flood

protection. These alternatives included:

Alternative 1·, a nonst ructu ra1 al ternati ve efllJhasi zing

right-of-way purchases and regulatory measures as opposed to

rel i ance on capital i fIlJrovements.

Alternative 2; efllJhasizing ifllJrovement of the desi gnated FEMA

floodway and containing flood flows within the floodway limits.

Alternative 3; efllJhasizing construction of underground

collectors along flood paths so that permanent disruption of

existing neighborhoods could be minimized.

Alternative 4; a "multi-use" alternative efllJhasizing joint use

of floodways for flood management and recreation.

IfIlJrovements were then identified and developed based on the

selection of the "multi-use" alternative. The primary feature of

this plan was a three-mile long native desert parkway along Upper

East Fork Cave Creek, similar in concept to the Indian Bend Wash

project in Scottsdale, but using native vegetation. A cOfllJlete

system of major channels, box culverts, detention basins and

pipelines along with their costs and relative priority were also

developed for budgetary and preliminary layout purposes.

The construction cost of the recommended facilities to provide

lOa-year flood protection is esti mated at $74,000 ,000. An esti mated

$40,OUO,OOO is needed to fund construction of the top priority

projects. These projects inclUde a new multi-use Upper East Fork

Cave Creek channel, new open channel, detention and box culvert

ifllJrovements along 9th Street, and a system of box culverts under

Bell Road.
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CONCLUSIONS

The recomrrendations made in this report are based on the following

conclusions:

1. The use of the two-dinensional diffusion I1lldel indicated that'

flow in Upper East Fork Cave Creek spl its near Grovers Avenue

and 21st Street. One branch follows the delineated FEMA

al ignnent. A second branch turns south and follows 21st and

2Uth Streets through a series of local collector streets to the

Greenway Channel.

2. Plate 2.1 summarizes runoff quantities computed using the TR-20

I1lldel for the 100-year storm.

3. Plate 4.1 shows the recomrrended alternative, including design

flows for all conveyance and design facilities. This

alternative allows for joint use of the Upper East Fork Cave

Creek floodway for flood management and for recreation.

4. Implementation of the recomrrended alternati ve will result in

changes in the design flows for the Greenway Channel. Design

flows downstream from 12th Street have been reduced. Desi gn

flows between 12th Street and 20th Street have increased.

5. Figure 4.5 shows a comparison of the existing condition

watershed outflow hydrograph and that whi ch would be expected

following implementation of the proposed master plan.

6. The recomrrended master plan facilities, their costs, and

allowable downsizing for alternate 50-year and 10-year desi gn

frequencies are itemized on Tables 6.1 through 6.7.
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COST COMPARISON TABLE - UNION HILLS @ CAVE CREEK

10 YEAR FLOOD 50 YEAR FLOOD 100 YEAR FLOOD
COST COST COST

DESCRIPTION LENGTH Q STRUCTURE UNIT TOTAL Q STRUCTURE UNIT TOTAL Q STRUCTURE UNIT TOTAL
(ft) (cfs) (II ( I) cfs) (II (II (cfs) (I) (I)

UN ION HILLS @ CAVE CREEK
::=~~=======: •••••••==••
Cave Creek to Central Ave 1,250 206 Earth 16U 175,000 415 Earth IBO 1100,UOO SIB Earth 1100 $125.000

Apron Apron Apron

Central Ave. to 7th St. 2,65U 2U6 11' x4' 154U 11 ,431 ,UOO 415 2-11'x4' Sl.080 $2,862,000 518 2-12'x4' $1,152 $3.052.8UO
BOX BOXES BOXES

5.74ac R/W $40,000 1229,600 R/W $40.00U 1229,600 R/W $40.000 $229,60U

TOTAL FOR U.HILLS ~ CC $1,735.600 S3.191.60U $3.407,400
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COST COMPARISON TABLE - 7TH STREET

10 YEAR FLOOD 5U YEAR FLOOD 100 YEAR FLOOD
COST COST CUST

DESCRIPTION LENGTH Q STRUCTURE UNIT TOTAl Q STRUCTURE UNIT TOTAL Q STRUCTURE UNIT TOTAL
(ft) (cf,) ($) (5) (cf' ) (5) ( 5) (ets) ( 51 (5)

7TH STREET
••••"',."'="".

Greenway Channe I to 1.02U 282 72" Rep 5288 52'3.760
43U 84" RCP 5336 5342.720 548 90· Rep $360 5367.2UU

Bell Rd.

Bell Rd. to 1.32U 237 66" RCP 5264 $348.480 3.4 lS" Rep 5312 $411.840 46. 84" Rep 5336 1443,520

CallPo Bello Or.

Campo Bello Or. to 1.320 184 60" Rep 124U $316,800 310 5S"x91 " 1292 1385,440 371 5S"x91" 12.2 5385.440

Grovers Ave. Ell RCP Ell RCP

Grovers Ave. to 1,430 136 54" Rep 1216 1308.880 236 53"x83· 5270 1386.100 284 53"x83" 1270 5386,lUU

Michigan Rd. Ell Rep Ell Rep

TOTAL FOR 7TH STREET $974.16U 11.183,380 $1.215.06U



COST COMPARISON TABLE - 9TH STREET

10 yEAR FLOOO 5U YEAR flOOD 100 YEAH fLOOD
COST COST COST

DESCRIPTION LENGTH Q STRUCTURE ONIT TOTAL Q STRUCTURE UNIT TOTAL Q STROCTUkE UNIT TOTAL
(fc) (cfs) ( II ( I) (cfs I ( I) ( I) (etS) ( I) ( I)

9TH STREET
.........=,.

Greenway Channel co l,20U 362 9' )(6' 1576 1691,200 701 2-8' x6' $1,080 11,296,000 7B2 2-9'x6' 11,152 1I,382,40U
Bell Rd. BOX BOXES BUXES

D.l3ac R/" 140,000 $9,200 R/" S40,OUO 19,200 R/" $40,000 19,200

Bell Rd. to Helena Dr. 1.000 292 8'x4' 1432 1432,000 531 2-7')(4' 1782 17B2,OOO 610 2-8'x4' IB64 1864,UOO
BOX BOXES BUXES

Helena Dr. to 400 292 6'x4' 1360 1144,000 531 2-6')(4' 172U 12B8,OOO 61U 2·6'x4' 5720 1288,000
Detention Basin '5 BUX BUXES BOXES

Detention Basin IS 26.6ac R/" 140,000 11,064,000 R/" 540,OOU Sl.064,OOU R/" $40.000 Sl.U64.UUO

Constr. $515,000 Constr. S1 ,U41 ,000 Constr. 51,15U,OOO

Detention Basin ,5 to 66U 402 2-t1'x4' IB64 S570.240 73S 3-11'x4' $1,62U U .069.200 865 3-11')(4' 11,620 $1,069.200
lirovers Ave. BOXES BUXES BOXES

liravers Ave. to Villa 1.56U 283 B'x4' 1432 S673.920 527 2-7'x4' 1792 11,235,520 619 Z-8' x4' $864 51.347.840
Rita Or. BOX BOXES BOXES

V1Ila Rita Or. co 400 2B3 5'x4' 1342 Sl36,80U 527 7'x4' 1396 Sl5~,400 619 tJ'x4' 1432 1172 ,800
Detent i on Bas i n 12 BOX BOX BOX

Detention Basin 12 lO.Uac R/" S4D,UOO $400,000 R/W 140,000 1400,000 "I" 140,OOU 140U,OOO

Constr. 1364,OOU Constr. 5422,OUO Constr. $459,BUO

Detentton Basin 12 to 1,000 656 Hodi fy Ex 180 580,000 I,DI MOdify Ex 198 198,000 1,365 MOdify Ex 1150 $150,000
Morrow Or. Channel Channe I Channel

1.38ac R/" S4U ,000 155,200 R/" 540,000 155,200 R/" $40,UUO 155,200

Morrow Or. to Utopia Rd. 1,650 20B Use Exi st 10 IU 379 Use Exist 10 IU 463 Use Exi st 10 10
Channel Channel Channe I

1.14ac R/" 54U,OOO 545,600 R/" 540,UUO 145,600 R/" 140,OOU 145,600

SUBTOTAL 55,241,160 57,964,120 58,45tJ,040
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COST COMPARISON TABLE - 9TH STREET
10 YEAR FlOOO SU YEAR FLUUD 100 YEAR FLOOD

COST COST COST
DESCRIPTION LENGTH Q STRUCTURE UNIT TOTAL Q STRUCTUHE UNIT TOTAL Q STRUCTURE UNIT TOTAL

(tt) (ct,) ( SI ( SI cfs) lSI ( SI (cfs I ( SI (S)

CAMPO 8ElLU-GHOVERS AVE.
LATERAL

~.~ ••••••~•••••:=.sssssss

Detention Basin Ii".> 1,320 529 Cone rete S!OO S132.000 89, Concrete S110 S!4S .20U 1.064 Concrete S!2U IIS8.4UO
to 14th St. Channel Channel Channe 1

14th St. to Grovers Ave. 1,320 406 2-5'x4' 1648 1855,360 646 2-7'x4' 1792 $1,045,440 760 2-8';(4' $864 S!,14U .4BO
BOXES 8UXES BOXES

Grovers Ave. to 16th St. 1.320 358 8'1(4' 1432 $570,24U 572 11';(4' 1540 1712.BOU 671 2-7'x4' S792 $1.045.440
BOX BOX BOXES

3.03ac R/W $40.000 SI2l,200 R/W $40,000 S!21,200 W/W $40.000 1121.200

SUBTOTAL $1.678.800 $2,024,640 $2,465,520

10 YEAR FLOOO 50 YEAR FllJOO 100 YEAR FLOOD
COST COST COST

OESCRIPTION LENGTH Q STRUCTURE UNIT TOTAL Q STRUCTURE UNIT TOTAL Q STRUCTURE UNIT TOTAL
(ttl (cfs) (S) (S) (ets) ( II ( SI (cfsl ( SI (II

MORROw DRIVE LATERAL
~.=~•.••.••s=s.ss•••

9th St. to 12th St. 1,700 341 8'x4' 1432 S734.4UO 536 12'x4' 1576 1979,200 671 2-8'x4' 1864 Sl,46M ,800
BOX BOX BOXES

12th St. to 16th St. 2.670 24B 5 'x4' 1324 $865,U8U 4U7 M'x4' 1432 $1,153,440 4BI 2-5'x4' S648 $1,130,16U
BUX BUX BUX

O.llac R/W $40,OUO $8,400 R/W S40,OOU S8,40U R/W $40,000 SB.40U

SUBTOTAL $1,607,880 S2.141.04U $3.207,360

10 'EAR FLOOD 5u YEAR FLOOO 100 YEAR FLUUD
COST COST COST

OESCRIPTION LENGTH Q STRUCTUIlE UNlT TOTAL Q STRUCTuRE UNIT TOTAL Q STRUCTURE UNIT TUTAL
(ft) (ct, ) (II ( II cfs) ( S) (S) (ct, I ( II (I)

BELL ROAD LATERAL 1
•••••••=~=====.==:.
9th St. to 13th St. 2,UOO 14B 54" Rep :5216 S432,OUO 263 66" HCP $264 S528,UOU 313 72" RCP S28M S516,Uoo

13th St. to 16th St. l,B70 14B 54" RCP S216 $403.92U 263 66" RCP S264 S493.680 313 66" RCP S264 5493,680

SUB TOT AL $835,920 $1,021,680 $1,069,68U

TUTAl FOR 9TH ST. $9.363,76U S13,151,480 $15,2UO.6UU
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COST COMPARISON TABLE - EAST FORK CAVE CREEK

lU YEAR FLOOD SO YEAR FLOOD IOU YEAR FLOOD
COST COST COST

DESCRIPTION LENGTH 0 STRUCTURE UHIT TOTAL 0 STRUCTURE UNIT TOTAL Q STRUCTURE UNIT TOTAL
(ft) (cf,) ( II (I) (cfs) ( I) ( II {cts l ( I) ( II

EAST FURK CAVE CREEK
2~;$*~*S*;;;*:*:::*;

East Fork. Cave Creek Multi-Use 124,225,3U9 Hu1tl·Use 524,225,309 Hulti·Use 524,225.3U9
Multi-Use Channel Channel Channel Channel

HELL ROAD LATERAl II
sas::.:*:::::::::::.

East Fork Cave Creek to 1.120 342 12' x4' 1576 1645,120 577 2-11')(4' 11,000 U ,209 ,60U 680 3-8'x4' 11,296 11,451,520
22nd St. BOX BOXES BOXES

22nd St. to 1,300 322 8'x4' 1432 1561,600 470 2-6'x4' 1720 1936,000 510 2-6'x4' 1720 1936,000
Cave Creek Rd. 80X BOXES BOXES

Cave Creek ltd. to 1,340 231 6'x4' 1360 5482,400 303 8' )(4' 1432 S57B.tl80 360 2-5')(4' \648 1868,320
24th St. BOX BOX BOXES

24th St. to 2Bth St. 1,320 153 4'x4' \288 \380,16U 2>4 6')(4' 1360 \475,200 301 ]' x4' \3'6 \522,720
BOX BOX BOX

SUBTOTAL $2,069,280 13,199,680 $3,778,56U

20TH STREET LATERAL
~~=:==~==~=====:=::

East Fork Cave Creek to 900 85 413" RCP $196 $176,400 141 60" RCP 1240 5216,000 167 6U" RCP 5240 S561 ,bOO
Grovers Ave.

Grovers Ave. to Union 2,600 85 42" RCP 1174 $452,400 141 48" RCP 1196 1509,600 167 54" RCP \216 $216,OOU
Hills Or.

SUBTOTAl $452,400 1>0') ,600 1777,600
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COST COMPARISON TABLE- EAST FORK CAVE CREEK

10 YEAR FLOOD 50 YEAH FLOUD lOO YEAH FLUOD
COST COST COST

oEseR !PTlON LENGTH Q STRUCTURE UNIT TOTAL Q STRUCTURE UNIT rOTAl Q STRUCTuRE UNIT TOTAL
(ft) (cfs) lSI ( I) (ds) (I) ( I) (ch) ( I) ( I)

GROVERS AVENUE LATERAL
••3.~:;••=••=========.
Uetention Basin ~3 to 1,450 219 72" RCP 12118 5417,600 399 90· Rep 1360 1522,000 4tH n"xlZl" 54UO 158U ,000

26th St. Ell. Rep

26tn St. to 29th St. 2,000 133 6U" Rep $240 $480,UOO 234 78" Rep 1312 1624,000 282 63"x98" 1340 1680,000
Ell. RCP

SUBTOTAL 1897,600 11,146,000 Sl ,26U ,OUU

UTOPIA ROAD LATERAL
s ••••••••••===::==:

East Forie. Cdve Creek. to 1,920 225 6')(4' $360 5691,200 433 11' x4' 5540 51,036,8UO 532 12' x4' 5576 $1,105,920
30tn Sr. BOX BOX BOX

30th 5t. to 32nd St. 1,450 184 5' x <+ I $324 $469,::lUO 351 8'x4' 1432 5626,400 431 11' x4' 554U S7tl3,OUU
BOX BOX BOXES

SU81Ll1 AL 51.161,OUU 51,663.2UU Sl.l:Jl:J8,920

TOTAL FOR EAST FORK S28.~U5.58~ S30 ,743.789 531,930,38'
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COST COMPARISON TABLE - EAST AREA

10 YEAR FLOOD 50 YEAH. FLOOO lUO YEAR FLOOD
COST COST CUsT

oEseR IPT ION LENGTH Q STRUCTURE UNIT TOTAL Q STRUCTURE UNIT TOTAL Q STRUCTURE UNIT TOTAL
(ft) (efs I (II ( II cfs) (II (II (efs) ( II (I)

EAST AREA
::=""',,,,,'"',,,,,,

Detention Basin ,6 2U.Sac R/W 1820,000 "/W 11,600,000 R/W S2,740.00U

Constr, 1475,000 Constr. SH84.000 Constr. 1942,590

Detention Basin 16 to 1,750 673 Concrete SlOO $175.000 1,144 Concrete 1110 1192 ,SOD 1.374 Concrete lI20 1210,000

29th St. Channel Channel Channe1

2.4lac R/W saoo ,000 1800,000 sauo,aoo

29th St. to Phelps Rd, 1,700 373 12'x4' 1576 1979,200 626 2-11'x4' 11,080 lI,836 ,000 749 2-12'x4' 11,152 11,95",400
BOX BOXES BUXES

Phelps Rd. to Bell Rd. 750 373 8')(;4' 1432 $324,OUO 626 2-7')(4' 1792 1594,000 749 2-8'x4' 1864 $648,000

"OX ijUXES BUXES

Bell Rd. to 32nd. 5t. 2,000 309 8'x4' 1432 $864,000 519 12')(4' 1576 $1,152,OUO 620 2-8'x4' $864 51.728,000

80X 80X BOXES

32nd. St. to Gravers Ave. 2,400 12" 54" RCP $216 $518,40U 219 66" "CP $264 $633,60U 265 72" RCP 1288 $691,200

Grovers Ave. to 260 128 42" Hep 117' 145,240 21':1 54" RCP 1216 156,l60 265 54" "CP 1216 156,160

Detention Basin i4

Uetention Basin f4 13.7ac R/W 340,000 $~48 ,000 R/W $40,000 $548,OOU R/W 140,000 $548,000

Constr. $460,000 Constr. 5550,000 Constr. $629,926

Detention Basin /4 to 1,55U 140 r~odi fy Ex 15U 177 ,SOD 272 Moni fy Ex 160 $93,000 336 Modify Ex 170 $l08,5UO

Cu 1vert Out 1et Channel Channel Channel

Culvert under Union 770 100 7' x4' 1396 1304,920 196 11 'x4' $540 $415,800 2'3 12' x4' 157. $443,52U

Hills Drive BOX BOX 80X

SUBTOTAL $6,391,260 $~.355,O60 $11 ,~04 ,296
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COST COMPARISON TABLE - EAST AREA

10 YEAR FLooU SO YEAR FLOl,)D IOU YEAR FLOOD
COST CUST COST

DESCRIPTION LENGTH Q STRUCTURE UNIT TOTAl Q STlWCTURE UNIT TOTAL Q STRUCTURE UNIT TOTAL
(ft I (cfs) II) ( II lefs l (I) ( II (cfs I ( I) ( I)

PARAOISE lAt£ LATERAL
~.~~ ••••••••z====zz.=
29th St. to 33rd St. 2,460 183 7' x4' 13~6 $974,160 316 U'x4' 1>40 11 ,328,400 378 12'x4' IS76 1I,416,~60

80X 80X 8UX

SUBTOTAL 1974,16U 11,328,400 11,416,960

10 YEAR FLOUD SO YEAR FLooO 100 yEAR FLUDD
COST COST COST

OEseR IPrIOri LENGTH Q STRUCTU~E UNIT TOTAL Q STRUCTURE UNIT TOTAL Q STRUCTURE UNIT TOTAL
1ft) Icts) ( II ( II Icfs) II) ( I) (cfs) ( I) ( I)

8ElL ROAD LATERAL III
_==a••: ••: ••••:::._.:
32nd St. to 36th St. 2,OUO 95 54" RCP \216 1432,000 15B 60" Rep 1240 $480.UOO 187 66" RCP 1264 1528,UOO

SUBTOTAL $432,OOU $480,UOU 1528,UUO

10 YEAR FLUQU 50 YEAR FLOOO 100 YEAR FLUDD
COST COST COST

DESCRIPTION LENGTH Q STRUCTURE UNIT TOTAL 0 STRUCTURE UNIT TOTAL 0 STRUCTURE UNIT TOTAL
(ft I (cfs I ( II ( II (cfs I ( II ( II (cfs) ( I) ( I I

GOLF COURSE LATERAL
=======::::::::::::

Detention Basin to 2.200 175 Earth \5u SllO,OOO 364 Earth 150 S110,OOU 450 Earth \,0 IllO,QOU
38th St. Channel Channel Channel

3Hth St. to 39th 't. 660 135 .. 140 $26,400 280 " 140 $26,400 361 " \40 $26,400

S.OSac RIll 14U,OOU S202,OOO R/W $40,000 5202,000 R/W 540,OOU 5lU2,OOU

SUlJ TUT AL 533H.400 533H,400 133H.40U

TuTAL FOR EAST AREA \8,135,820 III ,501 ,860 113,787,656
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COST COMPARISON TABLE - GREENWAY CHANNEL EXT.

10 YEAR FLOOO 50 YEAR FLOOD 100 YEAR FLOOD
COST COST CUST

D£SCR IPTIIJN LENGTH Q STRUCTURE UNIT TOTAL Q STRUCTURE UNIT TOTAl Q STRUCTURE UNIT TOTAL
I It) (ets) ( I) I II lets) ( I) ( I) (cfs) I I) ( I)

GREENWAY CHANNEL EXT •......... : ...: .......
Oetention Basin 16 to 1.430 3B1 12' x4' 1516 Ig23.6g0 6ti3 2-11'x4' SI.Ul:W $1.544,400 771 2·12'x4' lJ .152 Sl.647 ,360

27th St. BOX BOXES BOXES

27th St. to 29th St. 1,800 251 l1'x4' 1540 $972 .000 428 2·11 'x4' U,08U $1.944,UOO 508 2-U'x4' lJ .080 S1,944.00U
BOX BOXES

TOTAL GHNWY CHNL. EXT. lJ ,195 ,6BO S3.48l:1.400 13.'91,360



COST COMPARISON TABLE - SOUTH AREA

10 YEAR FLOOD 5U YEAR FLUDD 100 YEAR FLOOD
COST COST COST

OESCRIPTIUN LENGTH Q STRUCTURE UNIT TOTAL Q STRuCTURE UNIT TOTAL Q STRUCTURE UNIT TOTAL
(it I (efs) (I) ( I) (cfs) ( I) ( I) (cTs) II) II)

SOOTH AREA
"'''''''''''''''''"''''

Greenway Channel to 1,250 1,004 Modi fy Ex \l20 USO.UUU 1,655 Modify Ex 1120 1150,000 1,953 Modl£y Ex 1120 11'0,000
Waltann lane Channel Channel Channe 1

Waltann Lane to ! ,220 1,004 2-8'.6' Sl,080 51,317,600 1,6552-10'x7' $1.344 \l,639,680 1.9~3 2-IU'.8' Sl.460 $1,781,200
Greenway Rd. BoxES aOXES 80XES

Greenway Rd. to 1,500 784 11' x6' S648 S97Z .000 1,277 2-9'x6' 51,152 Sl.728.000 1,503 2-10'x6' \l,224 11,836,000
21st Way BOX BOXES BOXES

21st Wy. to lIst Pl. 1.420 614 8'x6' 1540 S76b.8UO 1,000 11 'x6' 1648 1920,160 1,173 12')(6' 16B4 S971 ,280
80X BOX BOX

1. 72ac R/W 540,000 568,800 R/W $40,000 .$68.8UO R/W $40,000 168,BOO

TOTAL FUR SOUTH AREA $3,275,20U $4,5U6,640 54,B07,280

•••• GRANO TOTAL **** S,54,379,569 168,109,869 $74.306.945



7. The total cost of all of the recol11rended facilities for a

. 100-year design frequency is $74,000,000.

8. Of the recommended facilities, the following projects have been

identified as having the highest priority:

A new "l1lJlti -use" Upper East Fork Cave

Creek Channel

9th Street Drainage System

Bell Road Laterals.

RECOMMENDATIONS

The following recol11rendations are made:

($24,20U,OOO)

($ 8,500,000)

($ 7,100,000)

7

1. It is recommended that right-of-way acquisition for recommended

detention basin locations, and for the Upper East Fork Cave

Creek Channel begin immediately while land for these

improvements is still available and affordable.

2. It is recommended that construction of the proposed Bell Road

Lateral s be incorporated in the desi gn of roadway i mproverrents

for Bell Road.

3. It is recol11rended that conversations between the Flood Control

District of Maricopa County and the County and City Parks

Departments continue with the objective of developing a joint

use concept for the Upper East Fork Cave Creek channel that is

att racti ve to a11 end users.

~-------------------INI7.=?rgIILrgllf1Lf71"'F?_----'
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4. It is recolTl11E!nded that negotiations begin with ADOT to provide

for joint funding and construction of detention facilities

recommended north of Beardsley Road.

5. It is recolTl11E!nded that capital irrprovement plans for drainage

irrprovements be developed using Tables 6.1 through 6.7 as a

guide.

'---------------------INI7..=:?<$'/IL©IV1'f7l'W_---'
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CHAPTER 1

INTRODUCTION

OBJECTIVE

the Upper East Fork Cave Creek Area Drainage

been prepared for the Flood Control District

the City of Phoen i x and the Mari copa County

to achieve the following objectives:

This report on

Master Study has

of Maricopa County,

Highway Department

1. To document the status of existing runoff and flooding

conditions in the study area.

2. To i denti fy and evaluate al ternati ves for provi di ng

lOO-year flood protection throughout the study area.

3. To identify irrprovements needed to irrplement the reco mmended

4.
al ternati ve.

To develop cost estimates

design data for the proposed

and pre] iminary engineering

flood protection plan.

STUDY AREA

The study area is shown on Figure 1.1. It incl udes

approxi mately 16 square mi 1es, encorrpassi ng the watershed of the

Upper East Fork Cave Creek. The area is bounded on the north by

the Granite Reef Aqueduct of the Central Arizona Project. The

Paradise Valley Detention Structure prevents runoff from entering

the study area from the north. The east and southeast edge of the

study area is the Cave Creek - Indian 8end Wash divide. The study

area is bounded by Lookout Mountain to the south and by Cave Creek

to the west.

'----------------------!Nf7.,~?<¥I!LIQJI'f1Lf7~----'
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STUDY GUIDELINES

Under the terms of NBS/Lowry's agreement with the Flood Control

District of Maricopa County, this study has been conp1eted using

the following guidelines:

1. Runoff modeling has been performed using the Soil Conservation

Service TR-20 runoff synthesis model.

2. SUbdrainage area boundaries have been selected to correlate

with those boundaries used in the "North Central Area Master

Storm Drainage Study (East Half)" conp1eted in 1981 for the

City of Phoeni x.

3. Cal ibration and f10wpath routing of the TR-20 model has

been based on a IOO-year flood. Runoff conputations for

IO-year, 50-year and SOD-year floods have been extrapo1 ated

using the f10wpaths identified for a IOO-year flood.

LAND USE

is occurring along

and Cave Creek Road.

study

of the

Development

rapi d 1y. The

Commerci a1

thoroughfares

within the

majority

development

such as Bell Road

area

area is

is proceedi ng very

zoned residential.

major
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CHAPTER 2
HYDROLOGY

METHODOLOGY

The rainfall runoff relationship for the study area was modeled

using the Soil Conservation Service TR-20 computer program. TR-20 is

a single rainfall event model which computes direct runoff resulting

from any synthetic or natural rainstorm. It develops flood

hydrographs from runoff and routes the flow through stream channels

and reservoirs. It combines the routed hydrograph with those

computed from tributaries and computes the peak discharges and their

times of occurrence. TR-20 requires that the user specify the flood

routing through the drainage area. In rrany cases this is fairly

strai ghtforward because the flow paths are well defined streams and

washes. The Upper East Fork of Cave Creek is within an alluvial fan

which is characterized by numerous srrall drainage features which

approximate an overland flow condition, lacking well defined washes.

Estimating the flood flow paths in alluvial fans can be very

difficult; therefore, in areas where the routing was unclear, a

two-dimensional diffusion ITXldel was applied as an aid. The diffusion

model predicted flow paths were then input into the TR-20 ITXldel. The

resulting TR-20 ITXldel was then felt to accurately model the probable

flood routing.

TR-20 Runoff Modeling

The TR-20 computer program is based on procedures described in SCS

National Engineering Handbook, Section 4. Individual subwatershed

characteristics that affect runoff are described by variables that

have been developed from field measurements taken in numerous

watersheds throughout the country •

........-------------------/N/l.;5?'*'/IL©lhVl)"ij'_---'
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The East Fork Cave Creek watershed was divided into 144

subwatersheds based on exi sting points of concentration and

homogeneity of hydrologic characteristics. The subwatersheds are

shown on Plate 2.1. A mass curve of runoff is developed for each

subwatershed based on the rainfall volullE, rainfall distribution,

and the runoff cu rve nurrtJer (CN). CN I S are deternri ned by the user

based on soil type, land use, and hydrologic condition information.

Runoff hydrographs cOJTPuted for subwatersheds are corrbined into

cOJTPosite hydrographs and routed through the watershed in the

natu ral flow sequence as spec ifi ed by the user. The roost recent

TR-20 versi on replaces the con vex routing IlEthod used in previ ous

versions with a Modified Attenuated-Kinematic (Att-Kin) IlEthod which

takes into account channel storage and hydrograph attenuation as the

hydrograph is routed through the reach. With the Att-Kin method the

discharge-flow area relationship for siJTPle cross sections

(rectangular, triangular, trapezoidal) is fit by a power curve

function of the form Q=XAm, where Q and A are the discharge and area

at any di stance and t i lIE. The coeffi ci ent X and the exponent mare

specified by the user for a representati ve channel cross-section

within the reach. Nomographs for deternrining X and m for a

trapezoidal channel are shown on Figures 2.1 and 2.2. Alternatively,

rating tables for irregular channel shapes can be input into the

roodel. The model will then cOJTPute X and m for the section. For

circular pipes, values for X and m are based on the following

forrrul as taken from the United States Ar~ Corps of Engineers HEC 1

Users Manual, Figure 3.6, page 25:

X = (O.804/n) x 5
1

/ 2 x 01/ 6

m= 5/4

Typical cross-sections were chosen for deternrining X and m for

overland flow and street flow. The typical cross-sections are shown

on Figure 2.3. Two cross-sections were chosen for street flow

--------------------lNllgg{$IIL©,""""~i131----'
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depending on whether the flow was contained within the street or

overflowed into front yards and parking lots. A higher Manning's n

was chosen for the overflow condition to take into account the

additional roughness associated with trees and grass etc. in the

overflow area.

Two-Dimensional Diffusion Model

The diffusion model develops hydraulic equations for two-dimensional

flow for each element within a user specified grid that covers the

area to be modeled. Diffusion equations are developed for each

element and solved by solving a system of as many simultaneous

equations as the sum of the number of grid elements and the number

of grid boundaries. The solution gives the magnitude, velocity, and

depth of flow across each of the four sides of each grid element. By

carrying out the simulation over a number of time steps the flood is

routed through each grid element. Inflow hydrographs can be

specified at any element as well as critical depth outflows at any

external boundary. If the external boundary of the grid is not

specified as critical depth outflow it is treated as a no flow

boundary, which means no flow can cross that boundary. Effective

rainfall can also be modeled over the grid area by specifying an

effecti ve rainfall hyetograph. The effecti ve rainfall is the amount

of rainfall that will be in the form of runoff, the total rainfall

minus losses.

The area modeled with the two-di mensional diffusion model is shown

in Figure 2.4. Each grid element is 660 ft. square and is assumed to

be of uniform elevation and roughness. A t1anning's n of .035 was

used for the study area. This value was selected after careful

inspection of the area by the project team, it considers the effects

of all buildings, fences and other obstructions to flow which create

secondary eddies and other micro-level hydraulic phenomena in the

flow field.
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HYDROLOGIC CRITERIA

Rainfall Depths

Flood routing was developed for the lOO-year 24-hour storm. The

lO-year, 50-year, and SOD-year runoff quant ities were al so cOfTlluted

based on the 100-year routing. The 24-hour rainfall depths for the

return periods modeled are listed in Table 2.1. The lO-year, 50-year

and 100 year depths have been used for a number of previous studies

in the Cave Creek watershed. The SOD-year depth has been

extrapo1 ated using Gumbel's extrerre val ue rrethod in accordance with

guidelines adopted by the National Weather Service.

24-hour Rainfall Distribution

The 24-hou r rai nfa 11 was di st ri buted over the 24-hou r peri od usi ng

the distribution shown in Table 2.2. This is the distribution

typically used by the City of Phoenix. The City of Phoenix

distribution has the shape of an S-curve that is steeper than the

Type I and Type II curves norlT'B11y used by the Soil Conservation

Service for TR-20 roode1 ing. Thi s rreans that the City of Phoeni x

distribution contains a higher intensity of rainfall during the roost

intense period than the SCS distributions.

DRAINAGE AREA CHARACTERISTICS

The input variables required to define the subwatersheds for runoff

COflllutation are the drainage area in square miles, the curve number,

and the tirre of concentration. These drainage area characteristics

are tabulated in Table 2.3.
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CITY OF PHOENIX
24-HOUR RAINFALL OEPTHS

RETURN PERIOD RAINFALL DEPTH
(YEARS) (INCHES)

------------- --------------
10 2.53

50 3.57

100 4.04

500 5.07

---------"'-----------lNfl.§:?'#¥/ILQJ!'f1'!7;;iiff?_---'
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24 HOUR RAINFALL OISTRIBUTION

TIME ACCUMULATIVE gME t)
ACCUMULATIVE

(HOUR) RAINFALL HOUR RAINFALL

0 .000 12.5 .83
.5 .004 13.0 .86

1.0 .008 13.5 .88
1.5 .013 14.0 .893
2.0 .018 14.5 .907

2.5 .022 15.0 .92

3.0 .026 15.5 .924

3.5 .031 16.0 .928

4.0 .035 16.5 .933

4.5 .040 17.0 .937

5.0 .044 17.5 .942

5.5 .048 18.0 .947

6.0 .053 18.5 .951

6.5 .057 19.0 .956

7.0 .062 19.5 .96

7.5 .066 20.0 .964

8.0 .071 20.5 .969

8.5 .075 21.0 .973

9.0 .08 21. 5 .978

9.5 .093 22.0 .982

10.0 .107 22.5 .987

10.5 .12 23.0 .991

11.0 .14 23.5 .995

11. 5 .17 24.0 1.00

12.0 .50

'--------------------lNfl-=2<$'1/L-©llf1lf1li"f1J!2J __--J
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UPPER EAST FORK - CAVE CREEK ADHS

DRAINAGE AREA RUNOFF TIr1E OF
AREA NO. [SQ. MI.] CURVE NO. CONCENT.

[HRS.]

--------------------------------------------------
1 0.148 95 0.30
2 0.097 95 0.19
3 0.047 77 0.36
4 0.195 95 0.22
5 0.125 77 0.56
6 0.109 81 0.82
7 0.117 77 0.69
8 0.131 78 0.75
9 0.198 77 0.93

10 0.095 77 0.56
11 0.234 77 0.84
12 0.07 77 0.42
13 0.125 82 0.61
14 0.177 83 0.39
15 0.073 82 0.89
16 0.119 86 0.54
17 0.059 95 0.17
18 0.184 78 0.72
19 0.022 95 0.17
20 0.064 95 0.17
21 0.189 83 0.58
22 0.153 83 0.47
23 0.091 95 0.23
24 0.198 81 0.46
25 0.089 83 0.43
26 0.067 85 0.31
27 0.188 80 1.20
28 0.156 79 0.93
29 0.25 78 1.03
30 0.25 79 0.97
31 0.084 77 0.58
32 0.18 77 0.93
33 0.234 77 1.14
34 0.125 84 0.73
35 0.125 83 0.49
36 0.125 83 0.48
37 0.125 83 0.25
38 0.125 79 0.44
39 0.125 85 0.53
40 0.094 82 0.51
41 0.172 84 0.38
42 0.078 ·83 0.22
43 0.047 86 0.17
44 0.125 83 0.30
45 0.125 86 0.51
46 0.125 82 0.29
47 0.125 82 0.31

1N17.-=?'<$'IIL©I"'V'7~~
TABLE 2.3



UPPER EAST FORK - CAVE CREEK ADMS

DRAINAGE
AREA NO.

48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95

AREA
[SQ. MI.]

0.125
0.086
0.134
0.063
0.063
0.084
0.061
0.063
0.063
0.063
0.063
0.063
0.063
0.102
0.13
0.141
0.25
0.063
0.063
0.063
0.063
0.063
0.063
0.125
0.125
0.197
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.094
0.047
0.109
0.125
0.125
0.195
0.139
0.125

RUNOFF
CURVE NO.

79
95
77
83
79
84
79
83
82
82
84
82
81
83
79
84
82
77
83
88
85
81
86
85
83
80
90
95
86

'77
86
88
83
77
84
81
78
80
86
83
87
84
85
86
86
84
84
86

TIME OF
CONCENT.

[HRS.]

0.60
0.19
0.57
0.18
0.56
0.31
0.23
0.25
0.25
0.25
0.25
0.25
0.49
0.25
0.88
0.34
0.33
0.49
0.46
0.25
0.25
0.62
0.25
0.49
0.49
0.79
0.24
0.52
0.25
0.38
0.27
0.25
0.45
0.52
0.27
0.52
0.52
0.52
0.27
0.52
0.75
0.39
0.63
0.47
0.47
0.45
0.34
0.98

TABLE 2.3
(Cant.)



UPPER EAST FORK - CAVE CREEK AOMS

ORAINAGE AREA RUNOFF TIME OF
AREA NO. [SQ. MI.] CURVE NO. CONCENT.

[HRS.]

----------------------------------------------------
96 0.125 82 0.51
97 0.188 87 0.53
98 0.094 86 0.37
99 0.094 86 0.49

100 0.078 86 0.39
101 0.047 89 0.52
102 0.063 82 0.63
103 0.081 84 0.26
104 0.069 78 0.67
105 0.063 78 0.63
106 0.063 79 0.56
107 0.059 82 0.42
108 0.025 79 0.28
109 0.063 84 0.29
110 0.073 78 0.56
III 0.07 77 0.56
112 0.061 77 0.46
113 0.053 86 0.52
114 0.128 77 1.19
115 0.094 82 0.45
116 0.094 79 0.77
117 0.313 77 2.38
118 0.231 81 1. 59
119 0.231 81 1. 05
120 0.231 87 0.30
121 0.25 95 0.17
122 0.355 85 0.29
123 0.213 95 0.25
124 0.219 84 0.25
125 0.117 95 G.17
126 0.158 95 0.28
127 0.159 82 0.21
128 0.036 80 0.17
129 0.108 82 0.17
13 0.031 91 0.17
131 0.119 86 0.27
132 0.145 88 0.27
133 0.08 95 0.17
134 0.197 85 0.31
135 0.042 95 0.17
136 0.066 95 0.17
137 0.078 "79 0.49
138 0.203 84 0.24
139 0.188 87 0.43
140 0.125 86 0.44
141 0.188 87 0.53
142 0.25 83 1. 39

TOTAL 16.46

'----------------------IN/7/;g?$IIL<Q)IIf1'?7ftiif?l!§1 -----'
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Curve Nuntlers

The curve number is a variable that indicates the runoff potential

for a subwatershed. Its determination is based on the hydrologic

soil cover corrplex. The soil-cover corrplex is a corrtJination of the

soil type and the land use and treatment classes.

All soils are divided into four basic types based on their runoff

potential. Runoff potential is determined by the infiltration rate

and the transmission rate. The infiltration rate is the rate at

which water enters the soil at the surface and is controlled by

surface conditions. The transmission rate is the rate at which the

water moves in the soil and is cont rolled by the soi 1 hori zons. The

hydrologic soil groups are A,B,C, and D. Soil group A has a low

runoff potential with high infiltration rates and transmission

rates. Soi 1 group B has moderate in fi 1t rat i on rates and moderate

transmission rates. Soil group C has slow infiltration rates and

slow transmission rates. Soil group D has a high runoff potential

with very slow infiltration rates and very slow transmission rates.

Soils in the East Fork of Cave Creek watershed are prirrarily type D

soils in the higher elevations and type B in the lower alluvial

floodplain areas. Soi 1 types were determined from the "Soil Survey

of Mari copa Cou nty, Ari zona" developed by the Uni ted States

Department of Agriculture Soil Conservation Service.

The land use and treatment classes are descriptions of the surface

conditions of the subwatershed. Land use is the watershed cover and

it includes every kind of vegetation, 1itter and mulch, and fallow

as well as water surfaces and i rrpervi ous surfaces such as roofs and

roads. Treatment classes apply mainly to agriculture and won't be

discussed here •

..........-------------------INI7/=~'$I/L©llf1lf7l'iif1- ---'
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Curve numbers are assigned to each soil-cover complex. In areas with

mixed land use such as natural land mixed with impervious surfaces

such as roads and parking lots, a composite curve number is developed

based on the percentage of the total area that is made up of each

land use. A minilTUm curve number of 95 was used in areas having

slopes in excess of 10%. Future condition curve numbers were

developed for the watershed based on current zoning information

provided by the City of Phoeni x and Maricopa County. Curve numbers

for each zoning classification are shown in Figure 2.5 for soil

types B,C, and D. These curve numbers were developed by the City of

Phoeni x based on average i mpervi ous area for each zoning

classification.

Where on-site detention is enforceable for future cOlTTrercial and

industrial developlTl!nts, a curve number of 77 has been used. The

low curve number allows for the regulatory intent that runoff will

not be increased above preexisting conditions by these developments.

Time of Concentration

The time of concentration is the time it takes for runoff to travel

from the hydraul ically most distant point in a watershed to the

watershed out 1et. The time of concentration for each subwatershed

is the sum of the overland flow time and the travel time in the

street gutters.

The Upl and Method was used to esti rnate overl and flow ti ITI!. The

velocities used in the Upland Method were taken from Figure 2.6.

The gutter flow tilTl!s were estirnated using figures contained in the

"City of Phoenix Storm Drain Design Manual".

A minilTUm tilTl! of concentration of 10 minutes was used. At shorter

t i ITI!S of concent rat i on the TR-20 fornu 1a for hydrog raph gene rat ion

does not produce results matching actual conditions.

'----------------------/Nf7.!~?'*/IL©IIfI'YIlf'ifI --.J

II-6



CURVE NUMBER SELECTION BASED ON SOIL TYPE AND ZONING

SOIL TYPE SOIL TYPE SOIL TYPE
ZONING IIB II lie" liD II

C-O 88
C-l 92
C-2 92
C-3 92
PSC 95
IND PK 95
IND-l 95
P-l 95
PAD 6 80 88
PAD 8 82
PAD 10 84
PAD 11 84
PAD 12 84
PAD 13 85
PAD 14 86
PAD RI-8 82
R-2 84
R-3 85 90
R-3A 90
R-4 86
R-4A 86
R-5 86
R 1-6 84
R 1-7 83
R 1-8 82 87 90
R 1-10 81 86
R 1-14 80
R 1-18 80
R 1-35 78
RE-35 79 87
RE-43 77
S-1 77 86

-------------------/NIl.=?$//L©I'f1'1'f,§!lJigf!---'
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CHAPTER 3

EXISTING CONDITIONS

INTRODUCTION

Thi s chapter sumrnari zes

two-dirrensional diffusion rodel

conditions. The results of the

results of other studies.

AREAS OF FLOODING

results obtained using the

and the TR-20 rodel of existing

rodel are then corrpared with the

The two-dirrensional diffusion rodel has been used to identify runoff

patterns for a 100 year flood. Results are summarized on Figure 3.1.

Of particular interest is the alluvial fan pattern observed in the

area along the East Fork Cave Creek south of Grover Street. Two

noticeable breakout locations are observed. One breakout occurs

along 21st Street to the south of the identified channel. A

second divergence occurs at Bell Road near 18th Street where flow

appears to split to the west and to the southwest.

Results of the diffusion rodel have been used to determine runoff

patterns input into the TR-20 rodel.

RUNOFF QUANTITIES

Plate 2.1 summarizes runoff quantities corrputed using the TR-20

model for the 100-year storm.

'------------------------INI7..=:?gIILrgllf1~;;;;W_------'

II 1-1



:;.

CELL WITH VELOCITY
X DEPTH >0.5 BUT
<1

STL'DY BOUNDARY

CELL WITH VELOCITY
X DEPTH >1 BUT
<2

FLOW 01 RECTI ON

CELL NUMBER

CELL BOUNDARY

CELL WITH
VELOCITY*DEPTH
>2

LEGEND

RESULTS OF TWO
DIMENSION DIFFUSION
MODEL

1='1

•
•

~
68

o

•

INI7.,ffS(,§11'b::0W1~~ j
ENGINEERS &-PLAKlI\JERS~
1'iOONOrt" ..tnSI...... SUOlf 100·~u.AZ l.$OOeo .6&-168e

••••••••

. -...~.." ~"

I)HOF~rX

. . .

, '"

... ....

-./.- .

..' ff

,

~ .- .....
~:l/

\
.' ,

/

~ -:.:.~-.;. ~.-
2,1.

..........
'"''''

./~t.:~;~;:~~~~~ i~;
,:::,:,'::f<'-.::::::Jt

..
!



COMPARISON WITH PREVIOUS STUDIES

Flows corrputed for the Upper East Fork. of Cave Creek. at the

confluence of Cave Creek. and the East Fork. of Cave Creek. compare

with previous studies as follows:

Study

Upper East Fork. ADMS

(Thi s Study)

FEMA Flood Insurance Study

(Corp of Engineers)

Greenway Road Location Study

(Dibble &Associates)

100-yr Runoff

9606 cfs

9000 cfs

9500 cfs

At other locations, larger discrepancies have occurred. These

differences result from a.) differences in drainage area

boundaries assi gned to the vari ous subwatersheds. b.) di fferences

in curve numbers, and c.) differences in routing.

FEMA Flood Insurance Study

Flows assi gned to the Upper East Fork. of Cave Creek. north of Bell

Road are greater in the FEMA Study than were corrputed for existing

conditions in this study. The difference is accounted for by the

fact that sUbdrainage areas to the east of the Upper East Fork. were

assulll!d by FEMA to contribute to the Upper East Fork. runoff. In

thi s study, these areas have been routed through a separate·

sUbdrainage area.

--------------------INIl.=~<§IIL©I'f1Wl"'f?J1g;7---'
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Greenway Road Location Study

Flows corrputed in this study for existing conditions exceed design

flows used in the Greenway Road Location Study in the areas east of

7th Street.

Runoff quantities corrpare favorably with design criteria used in

the Greenway Road Location Study to the west of 7th Street.

'---------------------!Nfl=~<$IIL©I-J§§'/---'
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CHAPTER 4
AlTERNATIVE ANALYSIS

INTRODUCTION

The analysis of alternative drainage plans in an alluvial fan is

a cOlT\Jlex process. When natural conditions prevail in determining

the drainageways in alluvial terrain, the result is typically a

coIT\J 1ex network of brai ded flowpaths in whi ch new flow networks

frequently appear after major storm events. Typically, manmade

flood control ilT\Jroverrents will match the preestablished natural

channels. Where channels are undefined, or vary with tirre or

storm intensity, the identification of optimum locations for

flood control ilT\Jroverrents can prove to be very difficult.

MAJOR CHOICES IN DEVELOPING ALTERNATIVES

The cOlT\Jlexity of master planning

alluvial fan terrain may be said to

available to the planner. A

available are as follows:

Alignment of Conveyance Facilities

of drainage facilities for

result from the many choices

summary of major choi ces

The topography of

choices in whether

north to south,

southwest or in

areas.

the Upper East Fork Cave Creek Watershed allows

major conveyance i mproverrents are to run from

from east to west, from northeast to'

different directions in different sUbdrainage

'----------------------/N/Z.=?'*'jIL©IWf11'iWl§'I----l
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A constraint on al ignrrent is that portions of the Greenway

Channel. Upper East Fork Cave Creek. and other channel al ignrrents

are well defined. Where channels are well established. these

channels must be incorporated into the master plan.

To minimize costs. avoidance

serve as a constraint
planning in sorre areas.

of major developrrent areas will

limiting the options available
also

for

Interval of Conveyance Facilities

Another choice involves the interval or spacing of the major

conveyance works. Conceivably. these improverrents could be planned

at 1/2-mile. I-mile. 1-1/2-mile. or even 2-mile intervals.

Increasing the interval increases the size requirerrents of

i mproverrents and vi sibil ity of facil ities. but can result in a lower
overall cost.

Type of Conveyance Facilities

Once al ignrrents for conveyance facil ities are identified. the

type of conveyance facility must be determined. Choices available

include conventional alternatives such as buried pipel ines.

buried box culverts, streets with inverted crowns.
concrete-lined open channels. rock-lined open channels,
earth-lined open channels, and grass-lined open channels. Another
choice would be a joint-use alternative of recreation and flood
control such as the Indian Bend Wash linear park drainageway in
Scottsdale.

Reliance on Detention vs. Conveyance

Retarding the rate of

structures will result

flow through detention basins and drop

in lower peak discharges. This allows

IV-2



conveyance facilities to be smaller. The degree

works are incorporated into a master plan

open to the planner.

to which detention

is another choice

A constraint on the use of detention basins in the project area is

that the flood flow from the Upper East Fork Cave Creek Watershed

must not be increased to prevent overloading the Arizona Canal

Oi versi on Channel downst ream. Thi s const rai nt requi res that

detention be used to a large degree to offset increases in runoff

due to development.

The use of detention will also make it possible to keep many

conveyance facilities underground since smaller sized conveyance

facilities will be adequate. The disadvantages of open channels in

residential areas make the use of detention areas very desirable.

However, detention areas need to be designed carefully or they will

become eyesores.

Reliance on Nonstructural Solutions

In addition to conveyance and detention, floodplain management

involving purchase of right-of-way to remove existing buildings

and/or prevent construction of new faci 1ities within the

IOO-year floodplain may be an alternative. In the project area,

viable nonstructural solutions include relocation of mobile home

parks, purchase and removal of scattered homesites, and

rezoning or adding zoning stipulations on existing

propert i es.

Acceptance of Risk

Another choice open to the planner is the degree of risk

acceptable within a planning area. One can design improvements

to carry any 1eve1 of storm event. Generally as the acceptab 1e

'---------------------INIZ;g?<§IIL~W1lf7;5f1_----1
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retum period increases, the cost of irrproverrents also increases.

At sorre point risk must be accepted when it becorres too expensive to

further decrease it. FEMA has adopted a fl oodp1 ai n managerrent

criteri a based upon the lOO-year recurrence interval flood

event. Consequent 1y. state and 1oca1 govern rrent has been forced to

accept the lOO-year 1eve1 for desi gni ng storm drai nage

facilities and floodplain managerrent plans for major flood

channel s. Smaller or secondary tributary channel s are

unaffected by the lOO-year level requirerrent and local

agencies have the option of considering other levels of

protection. Nevertheless, alternatives studied herein have been

sized with a lOO-year level in mind.

SELECTION OF ALTERNATIVES FOR DETAILED STUDY

Using the various choices for developing a drainage plan, it

would be possible to generate many reasonable alternatives for

floodplain managerrent in the Upper East Fork Cave Creek

Watershed. This study focuses on four alternatives which were

developed after a cursory eval uation of nurrerous possibil ities

for flood protection.

To narrow the many possible alternatives down to the four

selected, several criteria were selected at the onset of the

alternative evaluation process. These are as follows:

1. Alignrrents of conveyance facilities have been selected to

optimize the use of existing drainage irrproverrents, vacant

detention sites, and open alignrrent corridors. Feasibility of

a1ignrrent corridors has been evaluated using aerial

photographs along with extensive field reconnaissance.

'---------------------/NI7...=?®t/IL©1I?1W;;"!lj§7----l
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2. Interval s of conveyance facil ities have been

established at approxilTBtely 1/2 mile wherever feasible

and consistent with preexisting drainageways.

3. The types of conveyance facilities have been selected to

minimize visibility to the public. as well as to minimize

costs over the enti re 1ifeti me of the project. Measures to

accomplish this include:

a. The use of buried pipelines to carry flows up to a maximum

practical 1imit of approxi ITBtely 500 cfs depending on

available slopes. 500 cfs is the approxilTBte capacity of

a gO-inch diameter pipeline supplemented by street

conveyance. For pipe sizes larger than gO-inches a box

culvert is generally more economical.

b. The use of buried box culverts to carry flows too large

for economic pipeline sizes up to a ITBximum practical

1imit of approxi ITBtely 1000 cfs depending on avail able

slopes.

c. For flows in excess of 1000 cfs. it is not considered

feasible to bury conveyance facilities. Open channels are

needed to carry flows this large.

4. Reliance on detention has been heavily emphasized due to

concerns about future areawide development increasing flood.

flows above design flows of downstream channels. Any increase

in the outflow hydrograph can result in overloading the Arizona

Canal Diversion Channel downstream.

5. Alternatives have been sized and developed for a 100-year

return period in accordance with contract requirements.

'------------------------/N/l.=?$//L©IIfIW-"'fI_ -----'
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DESCRIPTION OF ALTERNATIVES

Alternatives selected for detailed evaluation are described below:

Alternative 1 - Non-Structural Alternative

This alternative elTllhasizes the use of right-of-way

purchases and regulatory JJl!asures for area-wide floodplain

manageJJl!nt. It minimizes reliance on i JllJJl!di ate capital

expenditures and widespread capital ilTllrovenents. Under this

alternative. drainage would be permitted to continue to follow

its existing course during storm events. Carefully planned

right-of-way acquisition and zoning would be used to reduce risk

within the path of expected floods.

Although thi sal ternat i ve is att racti ve from the standpoi nt of

limiting costs in the imJJl!diate future. the issue of

institutional feasibil ity must be assessed prior to its

ilTllleJJl!ntation. Historically. efforts to control or prevent

construction in flood areas in the Upper East Fork watershed have

not been fully successful. The feasibil ity of extensi ve property

acquisition is also doubtful both for economic and institutional

reasons.

Alternative - 2 Improvement of Designated FEMA Floodway

The Federal Energency Managenent Agency (FEMA) has

designated a floodway routing for the Upper East Fork Cave Creek

shown on Figure 4.1. Under this alternative. ilTllrovenents would

be made along the FEMA alignnent and its tributaries as shown on

Fi gure 4.2.

'----------------------/NIZ=?§//LQ)!I1W;i§ff_ ------I
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Alternative 4 - Multi-Use Alternative

Figure 4.4 shows the proposed al ignrrent concepts for

Alternative 4. The alignrrents in Alternative 4 are identical to

those in Alternative 3. However these two alternatives differ in

the aesthetic treatrrent of open channel areas.

Alternative 4 has been aeveloped using a linear park

concept. Thi s concept wou 1d be simi 1ar to that used in the

developrrent of the Indian Bend Wash project in Scottsdale, except

that greater use of native desert vegetation would be made along

its al ignrrent.

Conceivably, a system of bikepaths, nature trails, exercise

courses and picnic facil ities could be developed in a joint use

project serving both recreation and flood control needs of

the local community.

I rrp 1e rrentat i on of A1ternat i ve 4 wou 1d requi re the

cooperation of and cofunding by the Parks Departrrent of the City

of Phoenix and/or Maricopa County. In addition to costing more

for initial construction, this alternative would commit the

City and County Parks Departrrents to maintaining the dedicated

park areas. While having many benefits to the publ ie, this

alternati ve cannot be undertaken without a commitrrent from the

Parks Departrrents to undertake the project with the County

Flood Control District.

EVALUATION OF ALTERNATIVES

Method of Evaluation

The evaluation of alternatives is accorrplished by subjecting the

nurrerous criteria to professional experience and jUdgment. To

achieve a ranking of alternatives, the "Multi-Attribute

IV-8
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Constructlbl11ty: A field reconnaissance was conducted for
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of its

evaluation

sense" •

techni que,

has been

in 1i ght

ei ght

and rate the difficulty of

adjoi ning nei ghborhoods and

each a1 ternati ve to deterrni ne

construction and its effect on

comrrercia1 traffic.

First Cost: Alternatives were ranked according to their first

cost.

Evaluation Criteria

Briefly, the Multi-Attribute Utility Analysis technique

involves first establishing evaluation criteria and their

relative weights. Then a score is assigned for each criteria for

each alternative. Alternatives are then ranked based on scores

assigned by the jUdges for each evaluation criteria.

To objectively evaluate each alternative

strengths and weaknesses, the following

criteria have been used.

Uti1 ity Analysis" technique has been used. This

descri bed in detail by Payne (see the references),

c1 assified as a "formal ized systematic version of comrron

Subjective evaluations were IlBde using the "Del phi" rrethod (see

references). Eva1uators secret 1y ass i gned scores to each

criteri a for each a1ternat i ve, and were then gi ven an

opportunity to privately revise their scores after seeing the

judgrrents of the other eva1 uators. Thi s techni que was used to

reduce the possibility that one rrentler of the evaluation team

rni ght exert a di sproportionate influence over the other

evaluators.



Annual Cost: Alternatives were ranked according to their

annual cost of operation, lTBintenance, risk prerrriulTlS and

other recurring annual costs.

Compatibility with Existing Structures: Alternatives were

rated according to their compatibility with existing flood
control structures both within the study area and downstream.

Aesthetics: Alternatives were rated according to their
expected visual impact.

Safety: This

pUblic due
construction,

events.

category addressed any potential risk to the

to construction, accidental injury after

or potential injury or drowning during flood

Effect on Nei ghborhoods: Open channels can

nei ghborhoods nIlch the salll! as freeways or other 1arge

improvelll!nts. A fenced channel splits a neighborhood.
alternatives involve relocation or removal of homes.

effect

public

SOlll!

Institutional Feasibility: Implelll!ntation of any master plan

requires cooperation among many agencies. Further,

nonstructural elelll!nts of a plan nIlst be enforceable to
succeed. Alternatives were rated on the relative ease of
implelll!nting each alternative within existing institutional
frameworks.

Results

The Engi neer' s eva1uat i on team has rated the fou r

alternatives giving equal weight to each of the above eight

l..--------------------/N/l,§g?'*'IIL©W1W'f1jg/----l
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criteria. Based on this evaluation, the above alternatives were
ranked as follows in decreasing order of preference.

Alternative 4 - Multi-Use Alternative

Alternative 3 - Underground Structure Alternative

Alternative 1 - Non-Structural Alternative
Alternative 2 - Improvement of Designated FEMA Floodway

Table 4.1 shows the scoring for each alternative based on the

evaluation criteria. A maximum possible score of 12 was allowed for

each of the above criteria.

Initially, Alternative 3, the Underground Structure Alternative,

and Alternative 4, the Multi-use Alternative were ranked
approximately equal. Alternative 4 became the preferred alternative

after the Engineer's evaluation team received instructions to assume

that the City of Phoenix and Maricopa County Parks Departments would
take over such a project after construction.

Comparative costs for Alternatives 3 and 4 are presented in Tables

4.2 and 4.3.

RECOMMENDED ALTERNATIVE

Plate 4.1 shows the recommended alternative, including sizes and
design flows for all conveyance and detention facilities.

Usi ng the TR-20 watershed model, hydrog raphs have been

developea and peak flows computed for each reach of the
recommended al ternati ve. The peak flows have then been used to

size the various pipelines, box culverts and open channels

that comprise this alternative.

'---------------------/NIZ.=?§I/'-©IIf1If?~jg/----'
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TABLE 4.1
ENGINEER'S RANKING OF ALTERNATIVES

ALT 1 ALT 2 ALT 3 ALT 4 MAX
POSS

NON FEMA UNDERGROUND MULTI-USE SCORE
STRUCTURAL ALIGNMENT STRUCTURE

-------------------------------------------------------------------------

1 CONSTRUCTABILITY 8 4 10 7 12

2 FIRST COST 12 3 9 6 12

3 ANNUAL COST 6 8 8 6 12

4 COMPATIBILITY WITH 5 5 11 9 12
EXISTING STRUCTURES

5 AESTHETICS 5 5 8 12 12

6 SAFETY 3 7.5 8.5 11 12

7 EFFECT ON 6 4 7.5 10.5 12
NEIGHBORHOODS

8 INSTITUTIONAL 4 7 10 9 12
FEASIBILITY

-------------------------------------------------------------------------

TOTAL SCORE 49 43.5 72 70.5 96

RELATIVE RANK 3 4 1 2

'--------------------lNlZgjg?<Eif//LrQJW'oIf'i"Wjgf/---'
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ESTIMATED COST IN 1987 DOLLARS
ALTERNATIVE 3 - CONVENTIONAL ALTERNATIVE

PROJECT QTY UNIT COST TOTAL

UNION HILLS DRIVE STORM DRAIN 
2-12'x4' BOX CULVERTS
EARTH APRON
PROPERTY AQUISITION RjW

SUBTOTAL

7TH ST TO CAVE CREEK
2650 LF $1,152
1250 LF $100
5.74 AC $40,000

$3,052,800
$125,000
$229,600

$3,407,400

GREENWAY CHANNEL - CAVE CREEK TO CAVE CREEK RD
EARTH LI NED CHANNEL LF COST NOT INCLUOED

7TH STREET STORM DRAIN - GREENWAY CHANNEL TO MICHIGAN AV
90- INCH PIPE 1020 LF $360 $367,200
84-INCH PIPE 1320 LF $336 $443,520
S8"x91" ELL. PIPE 1320 LF $292 $385,440
53"x83" ELL. PIPE 1430 LF $270 $386,100
-------------------- -------------
SUBTOTAL $1,582,260

YTH STREET STORM DRAIN - GREENWAY CHANNEL TO UTOPIA RD
2-9'x6' BOX CULVERTS 1200 LF $1,152 $1,382,400
2-8'x4' BOX CULVERTS 1000 LF $864 $864,000
2-6'x4' BOX CULVERTS 400 LF $720 $288,000
PROPERTY AQUISITION RjW 0.23 AC $40,000 $9,200
CAMPO BELLO DETN. 8ASIN #5 26.6 AC

PROPERTY ACQUISITION 26.6 AC $40,000 $l,064,UOO
DETENTION BASIN EXCAVATI 242105 CY $0.75 5181,580
HAULOFF 242105 CY $4.00 $968,42U

3-11'x4' 80X CULVERTS 660 LF $1,620 51,069,200
2-8'x4' BOX CULVERTS 1560 LF $864 $1,347,840
8'x4' 80X CULVERT 400 LF 5432 $172,800
UNION HILLS DETENTION BASIN 10 AC

o PROPERTY ACQUISITION 10 AC $40,000 5400,000
DETENTION BASIN EXCAVATI 96800 CY $0.75 $72,600
HAULOFF %800 CY $4.00 $387,200

CONCRETE LINED CHANNEL 1000 LF $150 $150,000
PROPERTY AQUISITION RjW 2.52 AC 40000 5100,800
-------------------- -------------
SU8TOTAL $8,458,040

BELL ROAD LATERAL I, STORM DRAIN - 9TH ST TO 16TH ST
72-INCH PIPE 2000 LF $288 $576,000
66-INCH PIPE 1870 LF $264 5493,680
-------------------- -------------
SUBTOTAL Sl,06Y,680

INIl=?g/ILQJllf1onlfiiWg"g
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ESTIt~TED COST IN 1987 DOLLARS
AlTERNATIVE 3 - CONVENTIONAL ALTERNATIVE

PROJECT

CAMPO BELLO DRIVE CHANNEL
CONCRETE LINED CHANNEL
PROPERTY AQUISITION R/W
--------------------
SUIlTOTAL

14TH ST / GROVERS AV STURM DRAIN 
2-8'x4' BOX CULVERTS
2-7'x4' 1l0X CULVERTS
PROPERTY AQUISITION R/W

SUBTOTAL

QTY UN IT COST

1320 LF $120
2.12 AC $40,000

CAMPO BELLO DR TO 18TH
1320 LF $864
1320 LF $792
0.91 AC $40,000

TOTAL

$158,400
$84,800

$243,20U

ST
$1,140,480
$I ,045 ,440

$36,400

$2,222,320

MORROW DRIVE STORM DRAIN - 9TH
2-8'x4' BOX CULVERTS
2-5'x4' BOX CULVERTS
PROPERTY AQUISITION R/W
--------------------
SUBTOTAL

ST TO 16TH ST
1700 LF
2670 LF
0.21 AC

$864
$648

$40,000

$1,468,800
$1,730,160

$8,400

$3,207,360

EAST FORK CAVE CREEK CHANNEL
GREENWAY CHANNEL TO BELL ROAO

PROPERTY ACQUIS/UNDEVELOPED
PRIVATE RESIDENCES
CONCRETE LINED CHANNEL

5.0 AC
5 EA

2880 LF

$40,000
$160,000

$400

$200,OUO
$800,000

$1,152,000
---------------------------------

SUBTOTAL

EAST FORK CAVE CREEK CHANNEL
BELL ROAD TO DETENTION BASIN #3

PROPERTY ACQUIS/UNDEVELOPED
CONCRETE LINED CHANNEL
BELL ROAD CULVERT
--------------------
SUIlTOTAL

8.0 AC
3000 LF

760 LF

$40,000
$400

$1,000

$2,152,000

$320,UOO
$1,200,000

$760,000

$2,280,000

'---------------------INIZ=~'#¥I!L©Pf1WJi'f?li§7--....J
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ESTIMATED COST IN 1987 DOLLARS
ALTERNATIVE 3 - CONVENTIUNAL ALTERNATIVE

PROJECT QTY UNIT COST TOTAL

20TH STREET LATERAL
54-INCH PIPE
60-INCH PIPE

SUBTOTAL

STORM DRAIN - GROVERS AV
2600 LF
900 LF

TO UNION HILLS DR
$216 $561,600
$240 $216,000

$777 ,600

BELL ROAD LATERAL II, STORM DRAIN 
3-8'x4' BOX CULVERTS
2-6'x4' BOX CULVERTS
2-5'x4' BOX CULVERTS
7'x4' BUX CULVERT

SUBTOTAL

20TH ST TO 28TH ST
1120 LF $1,296
1300 LF $720
1340 LF $648
1320 LF $396

$1,451,520
$936,000
$868,320
$522,720

$3,778,560

EAST FORK CAVE CREEK CHANNEL
DETENTION BASIN #3 TO UTOPIA ROAD

PROPERTY ACQUIS/UNDEVELOPED
PRIVATE RESIDENCES
PRIVATE ~ES./TRAILER PADS
CONCRETE LINED CHANNEL
DETENTION BASIN #3

PROPERTY ACQUISITION
DETENTION BASIN EXCAVATI
HAULOFF

CULVERT AT CAVE CREEK ROAD
CULVERT AT UNION HILLS DR
CULVERT AT SIESTA LANE

SUBTOTAL

4.0 AC
5 EA

20 EA
2850 LF
13.7 AC
13.7 AC

183920 CY
183920 CY

270 LF
120 LF
100 LF

$40,000
$160,OUO
$40,000

$400

$40,000
$0.75
$4.00

$1,200
$3,564
$1,836

$160,000
$800,000
$800,000

$1,140,000

$548,000
$137,940
$735,680
$324,000
$427,680
$183,600

$5,256,900

GROVERS AV LATERAL STORM DRAIN
77'x121' ELL. PIPE
63'x98' ELL. PIPE

SUBTOTAL

- CAVE CREEK RD TO 28TH ST
1450 LF $400
2000 LF $340

$580,000
$680,000

$1,260,000

UTOPIA RD LATERAL STORM DRAIN
12'x4' 80X CULVERT
11'x4' BOX CULVERT

SUBTOTAL

1920 LF
1450 LF

$576 $1,105,920
$540 $783,000

$1,888,920

'---------------------/Nf7li5?-'*9j/LQJIIfI'f'flEf?l§l---'
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ESTIMATED COST IN 1987 DOLLARS
ALTERNATIVE 3 - CONVENTIONAL ALTERNATIVE

PROJECT QTY UNIT COST TOTAL

UPPER EAST FORK CHANNEL
UTOPIA ROAD TO BEARDSLEY ROAD

PROP ACQS/BACK SIDE OF RES 25 LOTS $20,000 $500,000
PROPERTY ACQUIS/UNDEVELOPED 2.0 AC $40,000 $80,000
CONCRETE LINED CHANNEL 3200 LF $400 $1,280,000
-------------------- -------------
SUBTOTAL $1,860,000

UPPER EAST FORK, DETENTION BASIN #1
DETENTION BASIN 18.4 AC

PROPERTY ACQUISITION 1I:l.4 AC $40,000 $736,000
DETENTION BASIN EXCAVATI 178112 CY $0.75 $133,584
HAULOFF 178112 CY $4.00 $712,448

-------------------- -------------
SUBTOTAL $1,582,032

SOUTH AREA CHANNEL AND STORM DRAIN
MODIFY EXISTING CHANNEL 1250 LF $120 $150,000
PROPERTY AQUISITION R/W 1.72 AC $40,000 $68,800
2-10'x8' BOX CULVERTS 1220 LF $1,460 $1,781,200
2-10'x6' BOX CULVERTS 1500 LF $1 ,224 $1,836,000
12'x6' BOX CULVERT 1420 LF $684 $971 ,280
-------------------- -------------
SUBTOTAL $4,807,280

GREENWAY CHANNEL EXTENT ION,
2-12'x4' BOX CULVERTS
2-11'x4' BOX CULVERTS

DETENT ION BASI N
1430 LF
1800 LF

#6 TO 29TH ST
$1,152 $1,647,360
$1,080 $1,944,000

-------------
SUBTOTAL $3,591,360

$820,000
$1,920,000

$148,830
$793,760
$210 ,000
$800,000

RD TO 29TH ST

$40,000
$160,000

$0.75
$4.00

$120
$40,000

&DETENTION BASIN #6 - CAVE CREEK
20.5 AC
20.5 AC

12
198440 CY
198440 CY

1750 LF
20 EA

PARADISE LANE CHANNEL
DETENTION BASIN

PROPERTY ACQUISITION
PRIVATE RESIDENCES
DETENTION BASIN EXCAVATI
HAULOFF

CONCRETE LINED CHANNEL
PRIVATE RES./TRAILER PADS
--------------------
SUBTOTAL $4,692 ,590

'---------------------IA/f7..=~'§IIL©IIfI'f7l'f?gg; ----'
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----------------..
ESTIMATED COST IN 1987 DOLLARS

ALTERNATIVE 3 - CONVENTIONAL ALTERNATIVE

PROJECT QTY UNIT COST TOTAL

PARAOISE LANE LATERAL STORM DRAIN
12'x4' BOX CULVERT 2460 LF $576 $1,416,960

SUBTOTAL

29TH STREET/BELL ROAD STORM DRAIN - PARADISE
2-12'x4' 1l0X CULVERTS 1700 LF
2-8'x4' BOX CULVERTS 750 LF
2-8'x4' BOX CULVERTS 2000 LF
66-INCH PIPE 2000 LF
--------------------
SUBTOTAL

$1,416,960

LN TO 36TH ST
$1,152 $1,958,400

$864 $648,000
$864 $1,728,000
$264 $528,000

$4,862,400

32ND ST STORM DRAIN
72- INCH PIP E
54-INCH PIPE

SUBTOTAL

2400 LF
260 LF

$288
$216

$691,200
$56,160

$747,360

PARADISE VALLEY PARK OETENTION BASIN
DETENTION BASIN 13.7 AC

PRUPERTY ACQUISITION 13.7 AC
DETENTION BASIN EXCAVATI 132616 CY
HAULOFF 132616 CY

MODIFY EXITING CHANNEL 1550 LF
12'x4' BOX CULVERT 770 LF

SUBTOTAL

GOLF COURSE LATERAL - EARTH CHANNEL
EARTH LINED CHANNEL 2200 LF
EARTH LINED CHANNEL 660 LF
PROPERTY AQUISITION R/W 5.05 AC

SUBTOTAL

GRANO TOTAL

$40,000
$0.75
$4.00

$7U
$576

$50
$40

$40,000

$548,000
$99,462

$530,464
$108,500
$443,520

$1,729,946

$110,000
$26,40U

$202,000

$338,400

$63,212,568

'---------------------INIl=?'§IILOW1'?7~_---'
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ESTIMATED COST IN 1987 DOLLARS
ALTERNATIVE 4 - MULTI-USE ALTERNATIVE

PROJECT QTY UNIT COST TOTAL

UNION HILLS DRIVE STORI1 DRAIN 
2-12'x4' BOX CULVERTS
EARTH APRON
PROPERTY AQUISITION R/W

SUBTOTAL

7TH ST TO CAVE CREEK
2650 LF $1,152
1250 LF $100
5.74 AC $40,000

$3,052,800
$125,000
$229,600

$3,407,400

GREENWAY CHANNEL - CAVE CREEK TO CAVE CREEK RD
EARTH LINED CHANNEL LF COST NOT INCLUDED

7TH STREET STORM DRAIN - GREENWAY
90-INCH PIPE
84-INCH PIPE
58".91" ELL. PIPE
53"x83" ELL. PIPE

SUBTOTAL

CHANNEL TO MICHIGAN AV
1020 LF $360
1320 LF $336
1320 LF $292
1430 LF $270

$367,200
$443,520
$385,440
$386,100

$1,582,260

9TH STREET STORM DRAIN - GREENWAY CHANNEL TO UTOPIA RD
2-9'x6' BOX CULVERTS 1200 LF $1,152 $1,382,400
2-8'x4' BOX CULVERTS 1000 LF $864 $864,OUO
2-6'x4' BOX CULVERTS 400 LF $720 $288,000
PROPERTY AQUISITION R/W 0.23 AC $40,000 $9,200
CAMPO BELLO DETN. BASIN #5 26.6 AC

PROPERTY ACQUISITION 26.6 AC $40,000 $1,064,000
DETENTION BASIN EXCAVATI 242105 CY $0.75 $181,580
HAULOFF 242105 CY $4.00 $968,420

3-11'x4' BOX CULVERTS 660 LF $1,620 $1,069,200
2-8'x4' BOX CULVERTS 1560 LF $864 $1,347,840
8'x4' BOX CULVERT 4UU LF $432 $172,8UO
UNION HILLS DETENTION BASIN 10 AC

PROPERTY ACQUISITION 10 AC $40,000 $4UO,OOO
DETENTION BASIN EXCAVATI 96800 CY $0.75 $72 ,600
HAULOFF 96800 CY $4.00 $387,200

CONCRETE LINED CHANNEL 1000 LF $15U $150,000
PROPERTY AQUISITION R/W 2.52 AC 40000 $100,800
-------------------- -------------
SU8TOTAL $8,45ll,04U

BELL ROAD LATERAL
72-INCH PIPE
66- INCH PIPE

SUB TUTAL

I, STORM DRAIN - 9TH ST TO
2UOO LF
1870 LF

16TH ST
$288
$264

$576,OOU
$493,680

-------------
$I,U69,68U

L---------------------/Nf7/g~<¥¥IIL..~~1!§7 ----'
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----------------
ESTIMATED COST IN 1987 DOLLARS

ALTERNATIVE 4 - MULTI-USE ALTERNATIVE

PROJECT QTY UN IT COST TOTAL

CAMPO BELLO DRIVE CHANNEL
CONCRETE LINED CHANNEL 1320 LF $120 $158,400
PROPERTY AQUISITION RjW 2.12 AC $4U,OOO $84,800
-------------------- -------------
SUBTOTAL $243,2UU

14TH ST j GROVERS AV STORM DRAIN 
2-8'x4' BOX CULVERTS
2-7'x4' BOX CULVERTS
PROPERTY AQUISITION RjW

SUBTOTAL

CAMPO BELLO
1320 LF
1320 LF
0.91 AC

D~ TO 18TH ST
$864 $1,140,480
$792 $l,U45,440

$40,000 $36,400

$2,222,320

MORROW DRIVE STORM DRAIN - 9TH
2-8'x4' BOX CULVERTS
2-5'x4' BUX CULVERTS
PROPERTY AQUISITION RjW

SUBTOTAL

ST TO 16TH ST
1700 LF
2670 LF
0.21 AC

$864
$648

$4U,OOO

$1,468,800
$1,730,160

$8,4UO

$3,207,36U

16.5 AC
18 EA

245889 CY
245889 CY

7 EA
2880 LF

17.2 AC
5 EA

179867 CY
179867 CY

6 EA
30UO LF

760 LF

EAST FURK CAVE C~EEK MULTI-USE CHANNEL
GREENWAY CHANNEL TO BELL ROAD

PROPERTY ACQUISjUNDEVELOPED
PRIVATE RESIDENCES
MASS EXCAVATION
HAULOFF
DROP STRUCTU~ES

EARTH LINEO CHANNEL

SUBTOTAL

EAST FORK CAVE CREEK MULTI-USE CHANNEL
BELL ROAD TO DETENTION BASIN #3

PROPERTY ACQUISjUNDEVELOPED
PRIVATE RESIDENCES
MASS EXCAVATIUN
HAULOFF
DRUP STRUCTURES
EARTH LINED CHANNEL
BELL ROAD CULVERT

SUBTOTAL

$40,000
$16U,OOO

$0.75
$4.00

$20U,OOO
$80

$40,OOU
$160,OUO

$0.75
$4.0U

$200,000
$8U

$1,000

$660,OOU
$2,880,OOU

$184,417
$983,556

$l,400,OUO
$230,400

$6,338,373

$688,OUU
$800,000
$134,9UO
$719,468

$1,200,000
$240,000
$76U,OOO

$4,542,368

'---------------------,INI7...=?$I/L©Pf1W%f?~----'
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ESTIMATED COST IN 1987 DOLLARS
ALTERNATIVE 4 - MULTI-USE ALTERNATIVE

•

PROJECT QTY UN IT COST TOTAL

20TH STREET LATERAL
54-INCH PIPE
60-INCH PIPE

SUBTOTAL

STORM DRAIN - GROVERS AV TO UNION HILLS DR
2600 LF $216 $561,600
900 LF $240 $216,000

$777 ,600

BELL ROAD LATERAL II, STORM DRAIN 
3-8'x4' BOX CULVERTS
2-6'x4' BOX CULVERTS
2-5'x4' BOX CULVERTS
7'x4' BOX CULVERT

SUBTOTAL

20TH ST TO 28TH ST
1120 LF $1,296
1300 LF $720
1340 LF $648
1320 LF $396

$1,451,520
$936,000
$868,320
$522,720

$3,778,560

EAST FORK CAVE CREEK MULTI-USE CHANNEL
DETENTION BASIN #3 TO UTOPIA ROAD

PROPERTY ACQUIS/UNDEVELOPED 5.0 AC $40,000 $200,000
PRIVATE RESIDENCES 10 EA $160,000 $1,600,00U
PRIVATE RES./TRAILER PADS 60 EA $40,000 $2,400,000
MASS EXCAVATION 160356 CY $0.75 $120,267
HAULOFF 160356 CY $4.00 $641,424
DROP STRUCTURES 5 EA $200,000 $1,000,000
EARTH LINED CHANNEL 2850 LF $100 $285,OUO
DETENTION BASIN #3 13.7 AC

PROPERTY ACQUISITION 13.7 AC $40,000 $548,00U
DETENTION BASIN EXCAVATI 183920 CY $0.75 $137,940
HAULOFF 183920 CY $4.00 $735,680

CULVERT AT CAVE CREEK ROAD 270 LF $1,200 $324,000
CULVERT AT UNION HILLS DR 120 LF $3,564 $427,680
CULVERT AT SIESTA LANE 100 LF $1,836 $183,600
-------------------- -------------
SUBTOTAL $8,603,591

GROVERS AV LATERAL STORM DRAIN 
77'x121' ELL. PIPE
63'x98' ELL. PIPE

SUIHOTAL

CAVE CREEK RD TO 28TH ST
1450 LF $400
2000 LF $340

$580,000
$680,000

$1,26U,000

UTOPIA RD LATERAL STORM DRAIN
12'x4' BOX CULVERT
11'x4' BOX CULVERT

SUBTOTAL

1920 LF
1450 LF

$576 $1,105,920
$540 $783,000

$1,888,920

L--------------------!Nl7..gg?-'*'IIL<b2!rflLY7l"f?_---'
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PARADISE LANE CHANNEL & DETENTION BASIN #6 - CAVE CREEK RD TO 29TH ST
DETENTION BASI N 20.5 AC

PROPERTY ACQUISITION 20.5 AC $40,000 $820,000
PRIVATE RESIDENCES 12 $160,000 $1,920,000
DETENTION BASIN EXCAVATI 198440 CY $0.75 $148,830
HAULOFF 198440 CY $4.00 $793,760

CONCRETE LINED CHANNEL 1750 LF $120 $210,000
PRIVATE RES./TRAILER PADS 20 EA $40,000 $800,000
-------------------- -------------
SUBTOTAL $4,692,590

ESTIMATED COST IN 1987 DOLLARS
ALTERNATIVE 4 - MULTI-USE ALTERNATIVE

PROJECT QTY UN IT COST TOTAL

UPPER EAST FORK MULTI-USE CHANNEL
UTOPIA ROAD TO BEARDSLEY ROAD

PROP ACQS/BACK SIDE OF RES 25 LOTS $20,000 $500,000
PROPERTY ACQUIS/UNDEVELOPED 4.5 AC $40,000 $181,818
PRIVATE RESIDENCES 5 EA $160,000 $800,000
MASS EXCAVATION 109711 CY $0.75 $82,283
HAULOFF 109711 CY $4.00 $43B,844
DROP STRUCTURES 9 EA $100,000 $900,000
EARTH LINED CHANNEL 3200 LF $80 $256,000
-------------------- -------------
SUBTOTAL $3,158,945

UPPER EAST FORK, DETENTION BASIN #1
DETENTIUN BASIN 18.4 AC

PROPERTY ACQUISITION 18.4 AC $40,000 $736,OUO
DETENTION BASIN EXCAVATI 178112 CY $0.75 $133,584
HAULOFF 178112 CY $4.00 $712,448

-------------------- -------------
SUBTOTAL $1,582,032

SOUTH AREA CHANNEL AND STORM QRAIN
MODIFY EXISTING CHANNEL 1250 LF $120 $150,000
PROPERTY AQUISITION R/W 1. 72 AC $40,000 $68,800
2-10'x8' BOX CULVERTS 1220 LF $1 ,460 $1,781,200
2-10'x6' BOX CULVERTS 1500 LF $1,224 $1,836,000
12'x6' BOX CULVERT 1420 LF $684 $971 ,280
-------------------- -------------
SUBTOTAL $4,807,280

GREENWAY CHANNEL EXTENTION,
2-12'x4' BOX CULVERTS
2-11'x4' BOX CULVERTS

SUBTOTAL

DETENTION BASIN #6 TO 29TH ST
1430 LF $1,152 $1,647,360
1800 LF $1,080 $1,944,000

$3,591,360

TABLE 4.3 (Cant.)



ESTIMATED COST IN 1987 DOLLARS
ALTERNATIVE 4 - MULTI-USE ALTERNATIVE

PROJECT QTY UNIT COST TOTAL

PARAUISE LANE LATERAL STORM DRAIN
12'x4' 80X CULVERT 2460 LF $576 $1,416,960

SUBTOTAL

29TH STREET/BELL ROAD STORM DRAIN
2-12'x4' BOX CULVERTS
2-8'x4' BOX CULVERTS
2-S'x4' BOX CULVERTS
66-INCH PIPE

SUBTOTAL

- PARADISE
1700 LF
750 LF

2000 LF
2000 LF

$1,416,96U

LN TO 36TH ST
$1,152 $1,958,400

$864 $648,000
$864 $1,728,000
$264 $528,000

$4,862,400

32ND ST STORM DRAIN
72-INCH PIPE
54- INCH PI PE

SUBTOTAL

2400 LF
260 LF

$288
$216

$691,200
$56,160

$747,360

PARADISE VALLEY PARK DETENTION BASIN
DETENTION BASIN 13.7 AC

PROPERTY ACQUISITION 13.7 AC $40,000 $548,000
DETENTION BASIN EXCAVATI 132616 CY $0.75 $99,462
HAULOFF 132616 CY $4.00 $530,464

MODIFY EXITING CHANNEL 1550 LF $70 $10B,5UO
12'x4' BOX CULVERT 770 LF $576 $443,520
-------------------- -------------
SUBTOTAL $1,729,946

GOLF COURSE LATERAL - EARTH CHANNEL
EARTH LINED CHANNEL 2200 LF
EARTH LINED CHANNEL 660 LF
PROPERTY AQUISITION R/W 5.05 AC

SUBTOTAL

GRAND TOTAL

$50
$40

$40,000

$110,000
$26,400

$202,UOO

$338,400

$74,306,945

'---------------------/Nfl.=~¥'//L©\lf1W;EW----'
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reco ITIlI!nded a1ternat i ve areThe cOlJllutations

included in the
include:

used to develop the

appendix to this report. These cOlJllutations

• TR-2U COlJllutations of peak desi gn flows

• Hydraul i c Grade Line cOlJllutations for all

conduits.

closed

• HEC-2 Water Surface Profiles for all open channels.

Detail ed development of

recommended Area Drainage
6.

the vari ous

Master Plan is

cOlJllonents

addressed

of the

in Chapter

IMPACT ON GREENWAY PARKWAY CHANNEL

IlJlllementation of the selected alternative will involve
reevaluating the design of the Greenway Parkway Channel in light

of changes in channel design flows that would result. In particular,
the following should be noted:

Desi gn

due to

flows downstream from 12th Street have been reduced

the detention provided in the Master Plan.

Design flows between 12th Street and 20th Street have

increased because the East Fork of Cave Creek would be

diverted under the Master Plan and enter the channel at 20th
Street rather than downstream at 12th Street.

IMPACT ON DOWNSTREAM STRUCTURES

A key consideration in the development of an Area Drainage Master

Pl an for the Upper East Fork Cave Creek watershed is that the

'-----------------------lNfl.=?'*'/IL©WW7;i§f?}g/ -----'
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projected peak watershed outflow into Cave Creek must not exceed

the cu rrent peak outflow. As deve1opnent proceeds. the total

volune of runoff into Cave Creek will increase as the percentage

of irrpervious surface in the study area grows. This cannot

be avoided. Sufficient detention has been built into the

recorrmended alternati ve to ensure that the peak runoff at buil dout

will be less than it is now. Figure 4.5 shows a corrparison of

the existing condition watershed outflow hydrograph and that which

would be expected following irrplenentation of the proposed Master

Pl an.

'----------------------INI7.=~'¥ifIIL©IWiSEt?1i§7__-.J
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OUTFLOW HYDRO GRAPHS FROM DRAINAGE AREA
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CHAPTER 5

HYDRAULICS: DESIGN CRITERIA AND PROCESSES

V-I

INTRODUCTI ON

6, will transport

Tables giving the

100-year frequency

1. Layout:

Described in this chapter are the general design processes and

criteria used for the various phases of hydraulic analysis and

design in this study.

a. Required additional right-of-way area and costs should be

held to a mini mum.

A properly desi gned storm sewer system will effecti vely transport

the storm water for the desi gn level intended. If desi gned as a

pressure flow system, the hydraulic grade line should not exceed any

service connection where the surcharge conditions may create

unacceptable flooding or structural damages. Tai lwater depths at

any discharge point must be considered to avoid unexpected surcharge

conditions upstream. If desi gned as an open channel, factors such

as maintenance and channel stabil ity must be addressed as well as

bank overtopping. In this design study, the following design

criteria and processes have been applied to meet these conditions.

The storm drainage system, delineated in Chapter

the runoff from a 100-year frequency storm.

drai nage system si zings for the 10, 50-, and

storms have also been included in Chapter 6.

DESIGN CRITERIA

L-.-------------------/N/l.E:?'*/IL©I..,'fi5f?J!aJ----'
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2. Pipes or Boxes:

3. Open Channels:

.U30

.045

.015

Manningls linn

Earth lined channels

low flow channel

overbank

Concrete lined channels

Type of Channel

0 Water - 18" dia. or larger
0 Gas - 4" di a. or 1arger
0 Sewer - all line conflicts and sorre service tap

obstructions

a. Typical t~anning 's "n" values have been assi gned as

follows:

b. Any possible conflicts with the following utilities are

considered to be critical in terlT5 of engineering and

costs.

a. A Manning's "n" value of .012 has been assigned for all

pipes and boxes.

b. All form and manhole hydraulic losses have been neglected

for this report.

c. The maximum tail water elevations at the outfa11s of the

storm sewers should be equal to or less than the soffit of

the out fa 11 •

d. The hydraul ic grade 1ine of the surcharged storm sewers

should remain at least 3.0 feet below the existing ground

surface.

e. The soffit of each storm sewer should be at least 4.0 feet

below the existing ground surface.

'-------------------------1N17lff5~l§I/L©I'f1'f77"f?_ -------'



b. Maximum flow water depths of 4' were desired in channels.

c. When possible channels have been designed to flow with 2

feet of freeboard.

d. For maintenance purposes, all open channels have been

designed to have a minimum bottom width of 8 feet.

e. Channel side slopes were set as follows:

4. Detention Bas1ns:

V-3

DESIGN PROCESS

= 6:1

= 2:1
Earthlined (multi-use)
Concrete 1ined

f. A value of 0.15 psf was used as the maximum allowable

bottom sheer stress for channel tractive force analysis in
earthlined channels.

a. A maximum detention basin depth of 6' was desired.

b. Detention basin side slopes were fixed at 6:1.
c. An orifice flow coefficient (Cl of 0.61 was used for

applicable storage basin outlet flow calculations.

In order to meet and implement these criteria as much as possible,
certain design processes were adhered to.

The design of a storm drainage system such as this is an iterative
process. Hydrologic analysis of existing conditions will give

estimated runoff figures for a study area. But, when a hydraulic
structure is designed to channelize these flows, the hydrology

calculations no longer are descriptive of the area drainage. Hence,

a new set of hydrologic calculations must be made of the drainage

area that are descriptive of the proposed hydraulic drainage

'----------------------INIl.;;g?'*/IL©I'f1'f7l'if?_---'
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1. Layout

each pipe or box in

using the law of

Bernoulli Equation.

Sl/2 x A)
Q = 1.486 2/3

n . (R x

S = hL n = 0.012, and full pipe flow is assurred.
L

where:

The ITDst desirable slope and diarreter of

the storm sewer system was determined

conservation of energy as expressed by the

in the revised form

S = [(Q x n)/(1.486 x R2/ 3 x A)]2

Drainage system al ignrrents were establ ished by closely

eval uating ri ghts-of-way, publ ic and pri vate i mp rove rrents , and
various utility services, that exist throughout the area.

Locations where critical conflicts or interferences were

unavoidable have been indicated.

The e1errent of the Bernou 11 i Equat i on exp res sin g the head loss
due to friction was determined using Manning's Equation.

Since the procedures and rrethods that make up the hydrologic
model ing process are described in Chapter 2, they are not repeated

here. Instead, a discussion of the various processes that were
adhered to for the developrrent of hydraulic structures follow.

structure. These hydrologic calculations will yield new runoff

figures for the area which must then be back entered into the design
of another hydraul ic drainage structure. A ITDdified structure will

errerge necessitating that a new set of hydrology calculations be
made. This cycle is repeated, until a hydraulic structure is

converged upon.

2. Pipes or Boxes

'----------------------·!NI7.=?<§IIL.©IIM.","'"'~ ---'



Using this headloss inforllBtion the Hydraulic Grade Line (HGL) was

plotted and checked against the existing ground surface elevation.

Hydraulic Grade Line calculations have been tabulated for each

section and are located in Appendix B.

3. Open Channels

a. Earth1ined Channels:

Tractive Force Analysis was used to determine stable

cross-sections in the earthlined channels.

For this project all such channels have been designed with an

ultimate "Multi-Use" objective in mind. An ifTllortant part of

this objective is the resurfacing of these channels with native
desert top soil and vegetation. Hence, the tractive force

analysis is prillBrily concerned with this top soil. It is

expected to have properties similar to ordinary firm loam and

lay approxillBte1y 12" thick. 1 In addition, it is assurred that

the soil will be placed in such a way that the channel

perimeter will act cohesively and therefore offer resistance to

erosion. This assufTlltion necessarily locates the critical

tracti ve force somewhere on the bottom of the channel and

effectively eliminates the need for such considerations on the

sides. 2 Further, the water is anticipated to contain colloidal

silts amongst its suspended solids.

I See Wirth Associates Inc •• A Master Plan for the CAVE CREEK WASH. • .• Chapter on
"Geology and Soils', pp. 33-34, for a dlScussl0n of the sOlis 1" thlS area.

2See Morris and Wiggert. ANPlied H¥draulics in Engineering. Chapter 12-10 "Mechanics
of Sedimentation: Staole C annels 1n Erodab1e Matenal '. pp. 475-482. for a detailed
discussion of tractive stress distribution on channel beds.

V-5



Using these assumptions and expected flow conditions a value of

0.15 was obtained from Figure 5.1 for the maximum allowable
shear stress. This value is related to the channel geometry by

the expression:
T = YRS

T = average bed sheer stress = 0.15 psf

Y =specific weight of water at 80°F = 62.22 pcf
S = slope of the channel and HGL = varies

R = hydraulic radius

be deri ved from thi s
channel cross-section.

velocities

Sufficient parameters then, can

relationship, to delineate the

SUbsequently each reach of channel

conformance. The resulting maximum

varied, but were generally around 3 fps.

was checked

allowable

for its

b. Concrete Lined Channels:

For concrete lined channels care was taken to match the
existing ground slope as much as possible and to eliminate the

use of any drop structures. The velocities were checked for
channel scour and outlet erosion properties.

Water surface profiles along all proposed open channels have been modeled

using the United States Corps of Engineers HEC-2 program.

4. Detention Basins

The individual

esti mated using

basin sizes needed for effective routing

the hydrologic data generated for this study.

were

The

'----------------------INI7...=?W/ILQNtw;Efl_---'
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Maximum Permissible Velocities in Erodible Channels-

FIGURE 5.1

10%
25%
40%

5%
13%
22%

Slightly sinuous
Moderately sinuous
Very sinuous

-Adapted from Fortier and Scobey tabulation by U.S. Reclamation Bureau.
These values apply only to well-seasoned, straight channels on mild slopes, with flow

depths less than about 3 ft. For flow depths greater than 3.0 ft, increase velocity values
by a factor equal to (,'-.HD - 3), up.to t (maximum increase) at D = 10 ft. For sinuous
channels, decrease values by the following factors:

Velocity Shear Stress

Water Transporting

Channel Manning
Clear Water Colloidal Silts

Material Coefficient, n V (ft/sec) 'To (lb/ft') V (ft/sec) 'To (Ib/ft')

Fine sand, colloidal 0.020 1.50 0.027 2.50 0.075
Sandy loam, non·colloidal 0.020 1.75 0.037 2.50 0.075
Silt loam, non-colloidal 0.020 2.00 0.048 3.00 0.110
Alluvial silts, non-colloidal 0.020 2.00 0.048 3.50 0.150
Ordinary firm loam 0.020 2.50 0.075 3.50 0.15
Volcanic ash 0.020 2.50 0.075 3.50 0.15
Stiff clay. very colloidal 0.025 3.75 0.260 5.00 0.46
Alluvial silts, colloidal 0.025 3.75 0.260 5.00 0,46
Shales and hardpans 0.025 6.00 0.670 6.00 0.67
Fine gravel 0.020 2.50 0.075 5.00 0.32
Graded loam to cobbles,

non·colloidal 0.030 3.75 0.380 5.00 0.66
Graded silts to cobbles,

colloidal 0.030 4.00 0.430 5.50 0.80
Coarse gravel, non·colloidal 0.025 4.00 0.300 6.00 0.67
Cobbles and shingles 0.035 5.00 0.910 5.50 1.10

This table is reproduced from Morris and
Wiggert, Applied Hydraulics In Engineering,
Chapter 12-10, p. 477.
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outflow culvert of each basin culvert was then examined. Partial

pipe flow was evaluated using the Manning Equation. Surcharged pipe

flow was determined by using the following Orifice Equation.

Q = CA (2gh)0.S

Q = di scharge

C = flow coefficient = 0.61

A = area of pipe opening

h = available head

g = acceleration of gravity (32.2 ft/s
2

)

This information (i.e. basin size and inflow-outflow characteristics) was

used to tabulate a stage, discharge and storage volulTE relationship for

each site using the storage indication ITEthod of flood routing through

reservoirs. The hydrograph of flow entering the detention basin and the

stage-storage rel ati onshi p were then entered into the reservoi r routi ng

routine of the Soil Conservation Services TR-20 computer program.

"------------------------lNllg;g(.wI!LQ)II71If7~~-----'
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CHAPTER 6

PRELIMINARY PLAN

INTRODUCTION

This chapter is a corrpanion chapter to the "Upper East Fork Cave

Creek Prel i minary System Layout" pl ans prepared for thi s study under

separate cover. The chapter is di vi ded into seven secti ons. Each

section describes a different corrponent project of the Upper East

Fork Cave Creek ADMS recommended plan (Alternative 4).

The preliminary plans identify sizes and right-of-way requirerrents

needed for a lOa-year storm. Final desi gn lTBy differ from the

preliminary design to accorrmJdate other flood frequencies. For

bUdgeting purposes, costs have been esti ITBted not only for those

facilities required to provide laO-year flood protection, but for

50-year and la-year flood protection as well. EstilTBted costs

include land purchases, rraterials and appurtenant work, and a 15%

contingency to include any utility interferences or unforeseen

costs.

Right-of-way and ITBjor utility interferences are described, as well

as special engineering design considerations for each proposed

proj ect. "Maj or II util ity interferences i dent ifi ed inc 1ude sewer

mains, and large water and gas pipelines. Telephone, cable TV,

electrical, and srrall water and gas 1ines should be si rrple to

relocate, and have been ignored.

1. UNION HILLS DRIVE - CAVE CREEK OUTLET (SHEET 7 OF 15)

The purpose of this project is to intercept flows from 7th Street

north of Union Hills and divert them to Cave Creek. Table 6.1 shows

the estirrated cost of this project as described below for a IOU-year

flood, along with comparison costs for conveying 50-year and la-year

floods.

'--------------------------INI7.!f5?-cgI!LQ)I~~~~__----I
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COST C0I1P AR ISON TABLE - UNION HILLS @ CAVE CREEK

10 YEAR FLUUO 50 YEAR FLOOO 100 YEAR FLUOO
COST CUST COST

OESCR (PTION LENGTH II STRUCTURE UNIT TOTAL II STRUCTURE UNIT TOTAL II STIlUCTURE UNIT TOTAL
(ft) (c f s ) ( S) ( S) (ds) ( S) (S) (ds) (S) ( S)

UNION HILLS @CAVE CREEK
~.~22S2Z22.=~ •• 22••• 2 •••

Cave Creek to Central Ave 1,250 2U6 Earth S6U S75,OOO 415 Earth StJO SIOO ,UOU 518 Earth SIOU Sl25,UOU
Apron Apron Apron

Central Ave. to 7th St. 2,65U 2U6 11',4' S54U Sl ,431,OUU 415 2_11',4' Sl,UtJU S2,tJ62,OOU 51tJ 2-12',4' Sl,I52 SJ,U52,tJUU
BUX IlUXES IlUXES

5.74ac R/W S40,OUU S229,600 R/W S40,UUU S229,6UO R/W 540,OUO $229,6UU

TOTAL FOR U.HILLS @ CC Sl,735,60U S3,I91,60U 53,407,4UU

t
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~
r
~
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This project is unique in

floodplain of Cave Creek.

12-foot X 4-foot reinforced

that most of its 1ength 1i es withi n the

It consi sts of 2650 1i neal feet of two

concrete box culverts. These drain into

is

an open channel structure that carries flow to the thalweg of Cave

Creek. A box secti on was used here because of the' 1i mi ted cover

conditions and to carry the large 100-year design flow. Transition

to an open channel structu re was made when cover was no longer

possible as the flow line of the box culverts entered the Cave Creek

floodplain. The proposed open channel section is compatible with

neighboring development in this area.

There is no existing right-of-way on the north side of Union Hills

Drive through the project alignment, except for 1320 feet

immediately west of 7th Street. An estimated 35 feet of right of

way will be required north of the centerline of Union Hills Drive.

A wider additional right-of-way will be needed for the open channel

structure and for the concrete box transition section immediately

upstream. This required right of way will taper out to a maximum

width of 230 feet at the thalweg of Cave Creek.

No major util ity interferences have been identified in this area.

2. 7TH STREET - GREENWAY CHANNEL OUTLET (SHEET 4 OF 15)

Table 6.2 summarizes this project and its various components, along

with sizes and costs of similar facilities sized for 50-year and

lO-year floods.

Starting at the Greenway Channel at the downstream outlet, and

runni ng north under 7th Street, seven feet west of centerl i ne, thi s

project is composed of several reaches of pipe tapering down in

di ameter as the ali gn ment progresses upstream. From Greenway

Chan ne 1 t 0 Bel 1 Road, a 36 inc h di a me t e r s tor m dr a i n i s be i ng

'------------------------INIl~?-§I!LQlI~If7~~ ------'
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COST COMPARISON TABLE - 7TH STREET

10 YEAR FLOOO 5U YEAR FLOOO lUO YEAR FLOOD
CUST COST CUST

DESCRIPTIUN LENGTH lJ STRUCTURE UNIT TOTAL Q STRUCTURE UNIT TOTAL Q STRUCTURE UNIT TOTAL
(ft) (efs) ($) ( $) (e fs) ( 5) ( 5) (efs) ( $) ( 5)

7TH STREET
3.:3:.1:=== __

Greenway Channel to I,U2U 282 72" RCP S2tl8 5293,760
43U 84" RCP 5336 5342,72U 548 90" RCP 5360 $367,2UU

!lei 1 Rd.

Bell Rd. to 1,32U 237 66" RCP 5264 $341:1,480 394 78" RCP $312 5411,1l4U 469 1l4" RCP 5336 $443,520
Caopo Bello Or.

Caopo l:Iello Or. to 1,32U 184 60" RCP 524U nib ,1:100 310 58"x9I" 5292 5385,440 371 51:1"x91" 5292 $385,440

Gravers Ave. Ell RCP Ell RCP

Gravers Ave. to 1,430 136 54" RCP 5216 530ll,Il1:l0 236 53"xB3" 5270 $386 ,IOU 284 53"x83· $27U $386,lUO

Michigan Rd. Ell RCP E11 RCP

TOTAL FOR 7TH STREET $974,16U $1,11:13,380 $I,215,06U



•

constructed at the time of this writing. A gO-inch diameter pipe is

required to carry the 100 year flood. The length of this 90-inch

diameter is 1020 lineal feet with its soffit matching the expected

high water elevation of the Greenway Channel. As a result, the pipe

invert is below the channel invert at this point. Therefore a

special outlet basin is proposed. This basin allows drainage in the

90" pipe flowline to discharge under head into the channel. The

basin itsel f and any backwater that rerrains in the pipe after a

storm is then discharged via an outlet in the bottom of the basin

into a 36-inch existing low flow pipe underneath the Greenway

Channel bed.

Continuing upstream the project includes 1320 lineal feet of 84-inch

reinforced concrete pipe, 1320 lineal feet of 58-inch X 91-inch

reinforced concrete elliptical pipe, and 1430 lineal feet of 53-inch

X 83-inch reinforced concrete elliptical pipe. The total length of

this pipeline is 5090 lineal feet.

Elliptical pipe was used for two reaches to attain required pipe

cover while clearing over perpendicular sanitary sewers.

Right-of-way exists for 7th Street throughout this area and is

adequate. No additional right-of-way is required.

Critical util ity conflicts include several existing 4-inch

high-pressure gas lines running under the intersection of Bell Road.

These are shown on the plan and profile at an estimated depth of

four feet. Also, there are several sanitary sewer 1ines running

under the 3rd reach that will require structural and infiltration

protection.

VI-3



3. 9TH STREET - GREENWAY CHANNEL OUTLET (SHEET 3 OF 15)

The various projects described in this section, and their estimated

costs are listed in Table 6.3. Table 6.3 also lists costs and sizes

for corresponding projects sized for 50-year and 10-year storms.

Greenway Channel to Detention Basin #2. This section is made up of
three reaches of drai nage structu re. The fi rst consi sts of 1200

1ineal feet of two 9-foot X 6-foot reinforced concrete boxes. The

second includes 1000 lineal feet of two 8-foot X 4-foot reinforced

concrete boxes. The third consists of 400 lineal feet of two 6-foot

X 4-foot rei nforced concrete boxes. Combined, they extend upstrea m

from the outlet to the Greenway Channel to Detention Basin #5. A

juncti on structu re will be requi red for the Bell Road Lateral I
where it connects from the east.

From approximately 650 feet north of Bell Road, 570 feet of an
existing 8-inch ACP waterline will need to be relocated.

For an 800-foot section that

north, an additional 25 feet

west side of 9th Street.

right-of-way is sufficient.

starts at the Greenway Channel and goes

of right-of-way will be required on the

Otherwise, the existing 9th Street

Detention Basin #5. The basin consists of 26.6 acres of undeveloped

land on the east side of 9th Street between Gravers Avenue and Bell

Road. It drains into the 9th Street - Greenway Channel Outlet via

two 6-foot X 4-foot rei nforced concrete boxes, and recei ves i nfl ow

from the 9th Street channel to the north, and the Campo Bello - 14th

Street - Grovers Avenue Lateral whi ch connects at the bas in I s east

boundary. To maintain the depth of the basin, a large cut had to be

designed into its east end. At t~e same time, it is desired to
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COST COMPARISON TABLE - 9TH STREET

10 YEAR fLOllO 5U YEAR FLUOO 1U0 YEAIl fL OUO
CUST COST CUSTOESCR IPTlllN LENGTH tl STRUCTUIlE UNIT TOTAL II STRUCTURE UNIT TOTAL Q STRUCTUIlE UNIT TOTAL

( ft ) (ets) ($ ) ( $) (ets) ($ ) ( $) (e fs) ( $) ( $)

~TIi STRH T
c=:a~=.;lI:az=:a

Greenway Channel to 1,20U 362 9'x6' $576 $691,2UO 701 2-ll'x6' $1,080 $1,296,OUO 782 2-9'x6' $1,152 $1,382,40U
Be 11 Rd. BOX BOXES BUXES

0.23ae Rill $40,000 $9,20U Rill $40,UOO $9,200 Rill $40,000 $9.200

Bell Rd. to Helena Or. I,OOU 292 8'x4' $432 $432,OOU 531 2-7'x4' $7112 $782.0UO 610 2-8'x4' $864 $ll64 ,000
8UX BOXES BOXES

Helena Or. to 40U 292 6'x4' $360 $144,000 531 2-6'x4' S720 $~811.000 61U 2-6'x4' S72U $21111,OOO
Detention Basin '5 BUX BUXES BOXES

Detention Basin ,5 26.6ae Rill $40,OUO $I,064,OUO Rill $40,OOU $1.064,UOU Rill $40,000 $I,064,UUO

Constr. $575.000 Constr. $I,U41,UOO Const r. $1,I5U ,OUO

Oetention Basin '5 to 66U 402 2-11'x4' $864 $57U,240 73S 3-II'x4' $1,620 $1,069,200 ll65 3-11'x4' $1,620 $I,069,2UOLirovers Ave. BOXES BUXES 80XES

Lirovers Ave. to Villa 1,56U 211J tl' x4' $432 S673,920 527 2-7'x4' $792 $I,235.52U 619 2-8'x4' SliM $I,347,1I4U
Rita Ur. BUX BOXES tlUXES

Villa Ilita Or. to 4UO 2113 5'x4' $342 $136,80U 527 7'x4' $3~6 SI5tl.4UO 619 ll'x4' $432 SI72,llOO
Detention Basin 12 BOX BUX BOX

Detention Basin 12 10 .Uae Rill $40,UOO $400,OUO Rill $40,000 $40U .000 Rill $4U,OUU $40U,UUO

Cons t r. $364,OOU Constr. $422.UUO Constr. $459,BOO

Oetention Basin '2 to 1,000 656 Hod! fy Ex $IlO $80,OOU 1.131 MOll lfy Ex $98 S98,OOO 1.365 Modify Ex $150 $15u ,000
Morrow Or. Channe I Channel Channel

I. 38de Rill $4U ,000 $55,200 Rill $40,OUO $55,200 R/W $40,UUO $55,200

Morrow Dr. to Utopia Rd. 1,65U 20tl Use Exist $0 $0 379 Use Exist $0 $0 463 Use Exist $U $U
Channel Channe I Channel

1.14ae Rill $4U ,000 $45,600 Rill $4U ,IlUU $45,600 Rill S40,OOO S45,600

SUBTOTAL $5,241,16U S7 ,964 ,120 Sll,45tl,U4U
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COST COMPARISON TABLE - 9TH STREET
10 YEAR FLOllll 50 YEAR FLOOO lUO YEAR FLOOO

COST COST COST
OESCR IPTION LENGTH (j STROCTORE UNIT TOTAL Q STRUCTURE UNIT TOTAL Q STRUCTURE UNIT TOTAL

(ft ) (cfs) ($) ( $) (cfs) ( $) ( S) (efs) ( $) ($ )

CAMPO BELLO-uROVERS AVE.
LATERAL

_:::22222:22222:=:222222.

Detention Basin Mj 1,320 529 Cone re te $lUU $132,000 895 Concrete $110 $145,2UU 1.064 Concrete Sl2U Sl58,4Ull
to 14ttl St. Channel Channel Channe I

14th St. to Grovers Ave. 1,320 406 2-5'K4' $648 S855,360 646 2-7'K4' $792 51,045,440 760 2-8'x4' S864 S1,140,480
BOXES BUXES BOXES

Grovers Ave. to 16ttl St. 1,320 358 8'x4' 1432 $570.24U 572 l1'x4' $540 Sl12,80U 671 2-7'K4' $792 Sl.045,440
BOX BOX BUXES

3.ll3ae Rill 540,OUO $121,200 Rill $40,OOU Sl21,2llll Rill $40,000 $121,200

SUB TOTAL Sl,678,800 $2.024.640 S2,465.j20

lU YEAR FLOOD 50 YEAR FLUUO lUO YEAR FLUOO
COST COST COST

DESCRIPTION LENGTH Q STRUCTURE UNIT TOTAL Q STRUCTURE UIHT TOTAL Q STRUCTURE UNIT TOTAL
(ft) (efs) ( $) ( $) (cfs) ( $) ($ ) (cfs) ($ ) ( $)

t10RRUII DRIVE LATERAL
22:===22S22.2.222~ ••

9th St. to 12th St. 1,7UO 341 8'x4' 1432 $734,4UO 536 12'K4' $576 $979,20U 677 2-8' K4' $864 Sl,4b8,8UO
BOX BOX 80XES

12th St. to 16th St. 2,67U 248 5'x4' $324 $865.U8U 407 8'x4' $432 Sl.153.44U 481 2-5'x4' $648 Sl, 73U ,16U
80X BOX BUX

O.21ae Rill $40.000 18.400 Rill $40.00U 58,40U Rill $40,UOO $8.40U

SUBTOTAL Sl,607,88U $2,141,04U $3,207,360

10 YEAR FLOOD 5U HAIl FLOOD lUO YEAR FLUOD
COST COST COST

OESCR IPT ION LENGTH Q STRUCTURE UNIT TOTAL (j STRUCTURE UNIT TOTAL (j STRUCTURE UNIT TUTAL
(ft) (efs) ( $) ( $) cfs) ($) ( $) (efs) ( $) ( 5)

BELL ROAD LATERAL I
2========.:==::.===

9th St. to 13th St. 2,000 148 5400 RCP 5216 $432,OUO 263 66 00 RCP $264 S52B,OOU 3D 72" RCP 5288 5576.UUO

13th St. to 16th St. 1.870 14B 5400 RCP 5216 $403.920 263 66 00 RCP $264 S493,6BU 313 66" RCP $264 $493,68U

SU8TOTAL $835,920 Sl,021.6BO 51,069,680

TOTAL FOR 9TH Sf. 59 363 760 S13,151,4BO S15 2UU 600



minimize the depth of the Carrpo Bello Drive - 14th Street - Grovers

Avenue Lateral, thereby keeping slopes and velocities, as well as

required right-of-way to a minirrum. To achieve these two

conflicting criteria, a drop structure or equivalent design is

required. Typical structures that might be considered in the final

design phase are penstocks or baffles.

There are few areas of existing right-of-way in this vicinity.

These small stretches, located along the borders of the basin, are

ded icated to roadway usage. Therefore, ri ghts to the use of thi s

land for detention must be attained.

No critical utility conflicts have been identified in this area.

Detention Basin 15 to Detention Basin 12. This section is corrposed

of three reaches, extending upstream from Detention Basin #5 to

Detention Basin #2. The project runs parall el to the centerl ine of

9th Street at a 5-foot offset to the west. The first reach consists

of 660 1ineal feet of three ll-foot X 4-foot reinforced concrete

boxes. The second reach includes 1560 lineal feet of two 8-foot X

4-foot rei nforced concrete boxes. The thi rd reach consi sts of 400

1ineal feet of 8-foot X 4-foot reinforced concrete box.

There are two critical utility conflicts in this section, both

involving sanitary sewer crossings. The first occurs under Grovers

Avenue. While this sewer clears the top of the drainage structure

it does not clear it by a safe distance. Therefore, it will require

st ructu ra1 protection wi th a conc rete sadd 1e or simi 1ar devi ce • The

second sewer crosses in the location of the pipe outlet. It will

need to be relocated.

There is no additional right-of-way required for this section.

~----------------------INIZ25?-&I/Lrgllf1lf7~}!g/-_-.I
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Detenti on Basi n 112. Thi s basi n requi res 10.0 acres of undeveloped

1and and is 6 feet deep. It is located on the i mlTEdi ate southwest

corner of Union Hills Drive and 9th Street. It drains through an

8-foot X 4-foot rei nforced concrete box and recei ves its in 1et from

the north through a concrete lined open channel.

There is now no existing right-of-way in this area, except for small

areas dedicated to roadway around the perilTEter.

No critical utility conflicts have been identified in this area.

Detention Basin 112 to Utopia Road. Upstream from its outlet into

Detention Basin #2 this project proposes a 1000-foot reach of

concrete 1ined open channel. Thi s channel uses the al i gnlTEnt of an

existing earth-lined open channel, but modifies its bed. It is

centered parall el to, and 30-feet west of the centerl i ne of 9th

Street. It has a typical cross-section that consists of a 20-foot

bottom, a 6-foot depth, 2:1 side slopes, and an 8-foot maintenance

access area on each side. A junction structure will be required to

join the Morrow Dri ve Lateral to the east and another reach of the

9th Street - Greenway Channel to the north.

This next upstream reach consists of 1650 lineal feet of existing

concrete 1i ned open channel. It has the sa ITE ali gn ITEnt as the fi rst

reach. Its typical cross-section contains a 10-foot bottom,

3.5-foot depth, with 1:1 side slopes and a three foot wide access

area on each side.

There is a sanitary sewer 1ine that crosses under the channel just

north of Union Hills Road. There is very little clear distance over

this sewer. It will require protection against infiltration and

structural damage with a concrete saddle or sOITEthing similar.

'-----------------------!NIl:E:?-cgl!L!Q)Ilf1If7~J13l-------J
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Right-of-way will need to be obtained for both reaches as only

easerrents currently exist. The first reach will require 60 feet.

The second will need 30 feet.

Bell Road Lateral I. (SHEET 9 OF 15) This lateral runs upstream

from the 9th Street-Greenway Channel Outlet to about 16th Street.

It is made up of two reaches. The fi rst is 2000 1i nea1 feet of

72-inch diameter reinforced concrete pipe. The second is 1870

lineal feet of 66-inch diameter reinforced concrete pipe. The slope

between these two reaches is broken to allow for cl ear di stance

under an existing sanitary sewer located at 13th Street.

Right-of-way for Bell Road throughout this area is adequate for this

i rrprovement.

Except for the sewer crossing, no critical util ity interferences

have been identified in this area.

Carrpo Bello Dri ve - 14th Street - Gravers Avenue Lateral. (SHEET 8

OF 15) This lateral is designed in three reaches. It drains into

Detention Basin #2, through an energy dissipation drop structure.

Thi s fi rst reach upstream from the drop structure is a concrete

1ined open channel that runs east for 1320 1i neal feet offset 35

feet to the north of the probable future alignment of Carrpo Bello

Dri ve to the outlet of the box structure that makes up the second

reach. A typical cross section consists of a 20-foot bottom,

5.7S-foot deep, 2:1 side slopes, and 6:1 matching shoulder grades.

The shoulder areas should also be able to provide access for

service.

The second reach is corrposed of 1320 1ineal feet of two 8-foot X

4-foot reinforced concrete boxes offset 15 feet west of the probable

future alignment of 14th Street.

i......-----------------------1N1l2i5/.WIIL<12!I\71\77~~------'
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The third reach then runs upstream and east under Grovers Avenue, 19

feet north of centerline. This reach consists of 1320 lineal feet

of two 7-foot X 4-foot reinforced concrete boxes.

No critical util ity conflicts have been identified for any of the

reaches for this lateral.

Both of the first two reaches will need additional right-of-way.

The first reach requires 70 feet of right-of-way having a south

boundary coincident with the probable future centerline of Campo

Bello Drive. The second reach will require 30 feet of right-of-way

having an east boundary coincident with the probable future

centerline of 14th Street. The existing right-of-way dedicated to

Grovers Avenue will be sufficient for the third reach of drainage

structure.

Morrow Drive Lateral. (SHEET 7 OF 15) This box culvert lateral

drains into the 9th Street - Greenway Channel Outlet at the

intersection of 9th Street and Morrow Drive. From its outlet, it

proceeds upstream and east for 1350 1ineal feet under Morrow Dri ve

at an offset seven feet north of the centerline. At 12th Street the

line turns south, proceeding for 350 lineal feet at an offset of 12

feet east of centerl ine, and then turns east for 1120 1ineal feet

following deepened alignrrent of an existing drainage channel. The

proposed structure in this area will run 25 feet south of the Blue

Hills - Unit 3 subdivision boundary. After 1350 lineal feet, the

boxes cross under 14th Street and follow the centerl ine of Roserront

Dri ve for 1320 1ineal feet to 16th Street.

The first stretch under Morrow Drive consists of two 8-foot X 4-foot

reinforced concrete boxes. The 12th Street reach also consists of

two 8-foot X 4-foot reinforced concrete boxes. The Roserront Dri ve

reach is made up of two 5-foot X 4-foot reinfQrced concrete boxes.

L-----------------------/N/l~?_§IILQ)I~If7~~__----.J
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There is one critical utility conflict, a sanitary sewer under 10th

Street. It will have to be relocated. Two other sanitary sewers

COrTE in close proximity to this project, and will need structural

rei nforcerrent.

There is no existing right-of-way on the east half of 12th Street.

Thirty feet of right-of-way will be needed.

4. UPPER EAST FORK CAVE CREEK - GREENWAY CHANNEL OUTLET

Table 6.4 surrmarizes the projects identified in this section and

thei r costs. Correspondi ng downsi zed faci 1it i es requi red to convey

50-year and lO-year storms are also listed in Table 6.4.

Preliminary plans for the Upper East Fork Cave Creek channel have

been prepared using accepted open channel hydraulic design criteria

while allowing for recreational use of the sarTE land as envisioned

under the rrulti-use concept. The proposed channel consists of an

earth-lined open channel and several detention basins throughout its

length. Continuous rrulti-use access is provided from its outlet at

the Greenway Channel to a detention basin north of Beardsley Road.

A wide, flat channel design allows considerable freedom to be

extended to the landscape designers who will irrplerrent the rrulti-use

surface features of the drainageway. To attain this, rrodifications

to the earthlined open channel design were made.

For instance, two-foot drop structu res ha ve been used to prevent

steep channel slopes from causing velocities to exceed acceptable

design criteria. When two or more of these structures occur

together, a 20-foot interval between them is needed to provi de a

maxirrum straight grade (slope) of 10% for bike paths, pedestrian

walkways, and other recreational features unique to the rrulti -use

concept.

L------------------------!N/7/f5?-&I/LQ)IIf1!n;s;r~------'

VI-9



-f
»
rn
r
m
0>

~

COST COMPARISON TABLE - EAST FORK CAVE CREEK

10 YEAR FLOOD SU YEAR FLOOll lOu YEAR FL OUO
CLlST COST COST

OESCR IPTION LENGTH l) STRUCTURE UNIT TOTAL l) STRUCTURE UNIT TOTAL Q STRUCTURE UNIT TOTAL
(ft) (ets) ( S) ( S) (ets) ( S) (S) (e ts) ( S) (S)

EAST FLlRK CAVE CREEK
~=;~E;;;===~~=a===3=

East Fork Cave Creek Multi-Use S24,225,3U9 Mu It i-Use S24,225,309 Multi-Use S24 ,225 ,3U9
Multi-Use Channel Channel Channel Channel

~ELL ROAU LATERAL 11
=====3==.====~======

East Fork Cave Creek to 1,120 342 12' x4' S576 S645.120 S77 2-11 'x4' Sl.U!lO Sl.2U9,60U 68U 3-ll'x4' SI.296 Sl.451,520
22nd St. BOX BOXES BOXES

22nd St. to 1,300 322 8' x4' )432 $561,6UU 470 2-6'x4' S720 S936.000 510 2-6'x4' $72U $936,000
Cave Creek Rd. !lOX BOXES BOXES

Cave Creek Ild. to 1,340 231 6'x4' S360 S482.40U 303 ll'x4' S432 SS7!l.!lllO 360 2-5'x4' 564ll S!l6!l,320
24th St. 80X BUX BOXES

24th St. to 2llth St. 1.32U 153 4'x4' S2ll!l S3!l0 ,I6U 254 6'x4' S36U 54 75 .200 301 7'x4' 5396 5522,72U
!lOX BOX BOX

SU!lTOTAL S2,069,280 S3,199,680 S3,778,56U

20TlI STREET LATERAL
~========z=========

East Fork Cave Creek to 9UO 85 4ll" RCP SI96 SI76,40U 141 6U" RCP S24U 5216,UUO 167 6U" RCP 5240 S561,bOU
Gravers Ave.

Grovers Ave. to Union 2,600 ll5 42" RCP SI74 S452,4UO 141 4ll" RCP Sl96 S509,60U 167 54" RCP 5216 S216,OUU
Hills Or.

SUIl rUT AL S452,4UU S509,60U S777 ,600
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COST COMPARISON TABLE- EAST FORK CAVE CREEK

10 YEAR FLUOD 5U YEAR FLUUD IOU YEAR FLUUD
COST COST COST

DESCR IPHON LENGTH Q STRUCTURE UNIT TOTAL Q STRUCTURE UNIT TOTAL Q STRUCTURE UNIT TOTAL
(ft) (ets') ( $) ( $) (ets) ( $) ( $) (ets) ( $) ($ )

GROVERS AVENUE LATERAL
a22:==:222S:2222222•••

Oetent1on Bas1n '3 to 1,450 219 12" RCP $288 $411,600 399 90" RCP $360 $522,000 4113 n"xI21" $4UO $58U,OOO
26th St. Ell. RCP

26th St. to 29th St. 2,UOO 133 6U" RCP $240 $480,000 234 18" RCP $312 $624,000 282 63"x98" $340 $680,OUU
Ell. RCP

SUBTOTAL $B91,60U $I,146,UOU $1,26U ,UUU

UTOPIA ROAD LATERAL
S ••••• ===22 ••_=_=._

East Fork Cave Creek to 1,920 225 6' x4' $360 $6'11,200 433 11 'x4' $54U $1 ,U36 ,8UU 532 12'x4' $516 $1 ,105 ,92U
30th St. BOX BUX BOX

3Uth St. to 32nd St. 1,450 184 5'x4' $324 $469,8UO 351 B'x4' $432 $626,400 431 11 'x4' $54U $1113,OUU
BOX 80X BOXES

SUBTUTAL $1,161,UUU $1,663,2UU $1,llll8,nU

TOTAL FOR EAST FORK $28,8U5,5B'I $30,743,189 $31 ,'13U,38'1



Where drop structures are unacceptable, gabions buried under earth

linings can provide a channel surface capable of withstanding higher

velocities, while preserving a natural appearance.

Right-of-way is another area that was significantly affected by the

multi-use aspect of the design. In most areas the design

ri ght-of-ways are wider than for a typical drainage structure of

this design capacity. The wide right of way is needed to provide

space for recreati onal i rrproverrents, as well as to accolTll'TX)date

sideslopes of 6:1 along the channel. The l2-foot wide freeboard

sections on each side of the channel sideslopes can be used for

nati ve 1andscaping without corrpromi si ng the hydraul ic capacity of

the channel.

Greenway Channel to Bell Road. (SHEET 5 OF 15) This portion of the

Upper East Fork Cave Creek Channel empties into the proposed

Greenway Channel at a confluence 650 feet west of 20th Street. From

the con fl uence, it proceeds upst rea min a northeasterly di recti on,

through a curved transition, and then north parallel to the

al i gnrrent of 20th Street. The al i gnrrent crosses Bell Road through

12 6-foot X la-foot reinforced concrete box culverts. The georretry

of this alignrrent has been selected to minimize disruption of

existing neighborhoods while preserving acceptable georretry for the

confluence with the Greenway Channel.

Thi s reach whi ch begi ns at the Greenway Channel and ends at Bell

Road has a typi cal ISO-foot bottom, is 6-foot deep, with 6: 1 si de

slopes, and has a fourteen foot servi ce access on each side. The

total required right-of-way then for this reach is 250 feet.

An inlet structure south of Bell Road is needed for the confluence

of Bell Road Lateral II and the Upper East Fork Cave Creek Channel.

L-----------------------/NIl~?§I!L!Q)I~II7~j!g/-----'
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No right-of-way exists in this area. Right-of-way will need to be

purchased for this reach.

At the tilTE of this writing, residential developrrent is under

construction. Though no utility conflicts existed before, possible

conflicts might occur in the future.

Bell Road to Grovers Avenue. (SHEET 5 OF 15) Upstream of Bell

Road, the channel alignrrent continues north for 1650 feet, and then

enters a transition curve from which it elTErges in a northeasterly

direction. The upstream end of this section consists of two II-foot

X 6-foot reinforced concrete boxes which corrpose the outlet

structure for Detention Basin #3. These boxes also allow the water

to cross under Grovers Avenue.

A typical cross-section for this reach from Bell Road to Grovers

Avenue consists of a 150-foot bottom width, a 6-foot depth, with 6:1

side slopes, and a 14-foot service access on each side. This rrakes

for a total required right-of-way width of 250 feet.

There are no utility conflicts in this area. Additional 150· of

right-of-way will need to be secured for this entire reach.

Detention Basin #3. (SHEET 15 OF 15) Just upstream from Gravers

Avenue is Detention Basin #3. This basin encorrpasses 13.7 acres of

surface area at the irnrTEdiate northwest corner of the intersection

between Grovers Avenue and Cave Creek Road. This location minimizes

the need to reroove or disturb existing structures, but the ex'st'ng

relatively steep ground slope across the basin presents hydraul'c

problems. To get the flow through this section without excess've

velocities, and preserve existing street grades at Grovers venue

and Cave Creek Road, the inlet and outlet structures have been

designed to drop the flow vertically and discharge it at acceptable

velocities. Thus, grade breaks are needed at the inlet and outlet

pipe structures.

L-..------------------------/AIfl~?_§ I/Lib»I~'ofi%;?gg; __----J
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The outl et structu re is rrade up of two ll-foot X 6-foot rei nforced

concrete boxes. These join two la-foot X 6-foot reinforced concrete

boxes at a grade break.

The inlets include two 12-foot X 6-foot reinforced concrete boxes

from the open channel upstream of Cave Creek, and a 121-inch X

77-inch reinforced concrete elliptical pipe crossing Cave Creek Road

from the Gravers Avenue Lateral.

There are no utility conflicts in the basin area.

There is no existing right-of-way except for the areas on the

fringes that are dedicated to Grovers Avenue or Cave Creek Road.

Additional right-of-way will have to be secured to allow for the

design acreage listed above.

An alternate location for Detention Basin #3 is found at the

southeast corner of 20th Street and Grovers. Either site can

provide the required detention area.

Cave Creek Road to Union Hills Drive. (SHEET 12 OF 15) Between

Cave Creek Road and Union Hills Drive is a section of existing

channel that can carry the projected lOa-year flows for thi s area.

It is proposed to use this section of channel without further

improvements.

This reach will also satisfy most of the rT1llti-use design cr"ter"a.

It deviates from the ITlJlti -use concept in that it is grass

landscaped, but it provides adequate area and gentle enough slopes

to allow for pedestrian and bike path facilities.

While right-of-way does not exist, there is a dra"nage easelTEnt

through the area. This status may need to be changed.

L-----------------------1N17.!;g(.§I/L<Q)I~~~~__-...J
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Union Hills Drive to Utopia Road. (SHEET 12 OF 15) To pass under

Uni on Hill s Dri ve eleven 4-foot X 6-foot rei nforced concrete box

culverts are used. The drainage channel continues upstream from the

boxes by meandering northward along the existing channel al ignment,

under Siesta Lane, to Utopia Road. Three 10-foot X 6-foot

reinforced concrete box culverts are requi red to convey 100-year

flows under Siesta Lane.

While disturbance of existing improvements was held to a minimum,

several perlTiinent structures and numerous mobil e home trail ers will

have to be removed or relocated through this reach.

A critical utility conflict occurs under Siesta Lane where th-e

concrete box cul verts intersect a sanitary sewer 1ine. Thi s sewer

needs to be raised over the boxes and encased in concrete.

The typi ca1 channel secti on has a 120-foot bottom, is 6.4 feet deep,

with 6:1 side slopes, and 26.6-foot service and activity areas on

the shoulders. This rrakes for a total required right-of-way of 250

feet.

Utopia Road to Beardsley Road. (SHEET 12 OF 15) A 12-foot X 6-foot

reinforced concrete box culvert carries the main channel under

Utopia Road and joins the Utopia Drive Lateral. The Upper East Fork

Cave Creek continues upstream in a northerly direction, following

the existing creek bed alignment to the outlet structure of

Detention Basin #1.

A critical utility conflict is encountered under Utopia· Road where

the concrete box culvert crosses a sanitary sewer line.

"-------------------------1N17/~5?_§I/Lrs:»I'.f1lf7~gg;----'
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A typical channel cross-section in this area consists of a 15-foot

bottom, with a 6.6-foot depth, 6;1 side slopes, and 28-foot shoulder

area. The required right-of-way is 150-feet. To obtain this right

of way, it will be necessary to purchase property along the back

side of several residential lots. Relocation of the horres along

this channel is not anticipated.

Detention Basin #1. (SHEET 12 OF 15) The proposed location of

Detention Basin #1 is the northeast corner of 26th Street and

Beardsley Road. The outlet structure for Detention Basin #1 is a

culvert under Beardsley Road. It consists of four 48-inch

reinforced concrete pipes.

The basin consists of 18.4 acres of undeveloped land and is 6-foot

deep.

No utility conflicts have been identified.

No right-of-way other than that dedicated to Beardsley Road exists.

Bell Road Lateral II. (SHEET 14 OF 15) This lateral consists of

four reaches which run from the Upper East Fork of Cave Creek (20th

Street) directly under the centerline of Bell Road to about 28th

Street. Starting at the outlet where it joins the Upper East Fork

of Cave Creek there are 1120 1i neal feet of three 8-foot X 4-foot

rei nforced concrete boxes. Cont i nui ng east and upstream are 1300

1ineal feet of two 6-foot X 4-foot reinforced concrete boxes, then

1340 1ineal feet of two 5-foot X 4-foot reinforced concrete boxes,

and finally 1320 lineal feet of a 7-foot X 4-foot re"nforced

concrete box. The box slopes through this lateral were des"gned 0

provide clearances over several sanitary sewers that cross e

ali gn rrent.

The existing right-of-way for Bell Road in this area is suf "c"ent.
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20th Street Lateral. (SHEET 5 OF 15) Three reaches make up thi s

1atera 1. Fi rst, a 900 1i neal foot 60-i nch rei nforced concrete pi pe,

extends from its mouth at the proposed Upper East Fork of Cave Creek

Channel to Gravers Avenue. The second and third reaches are 54-inch

reinforced concrete pipe at different slopes to follow the

topography. The total alignlTEnt follows the centerline of 20th

St reet.

Where no existing right-of-way exists, fifteen feet additional

right-of-way will be required on the east side of the centerline on

20th Street south of Gravers Avenue.

A critical utility conflict exists where a sanitary sewer line under

Grovers Avenue crosses over the lateral. While the two structures

avoid each other, there is no clear distance between them.

Therefore, the sanitary sewer will need to be encased in concrete

for structural protection.

Gravers Avenue Lateral. (SHEET 15 OF 15) From its outlet to

Detention Basin #3 (Cave Creek Road), this lateral runs easterly

directly under the centerline of Grovers Avenue to about 29th

Street. It consi sts of two reaches. The fi rst reach consi sts of

1450 1ineal feet of 12l-inch X 77-inch reinforced concrete

elliptical pipe. The second reach consists of 2000 lineal feet of

98-inch X 63-inch reinforced concrete elliptical pipe. Elliptical

pipe was used to provide clear distance over a sanitary sewer that

runs underneath Cave Creek Road and sufficient surface cover for the

pipe itself. Also a second sanitary sewer further upstream unde

28th Street limited the pipe diarreter.

The Gravers Avenue right-of-way is adequate for th·s late al.
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Two critical utility conflicts exist. Both are sanitary sewer

lines. By using an elliptical section, these conflicts have been

avoided. However, clear distance is still at a minilTlJm in both

cases and infiltration and structural protection will have to be

supplied.

Utopia Road Lateral. (SHEET 10 OF 15) From its outlet to the Upper

East Fork of Cave Creek this 1ateral runs upstream and east under

the centerl i ne of Utopi a Road to about 32nd Street. It has fi ve

reaches. The fi rst and second reaches are composed of 12-foot X

4-foot rei nforced concrete box wi th different slopes. The fi rst

reach is 1200 lineal feet and the second is 720 lineal feet. The

1ast three reaches differ in slope only. They are composed of two

5-foot X 4-foot rei nforced concrete boxes. Thei:- 1engths,

continuing east, are 950 lineal feet, 250 lineal feet, and 250

1i nea 1 feet res pect i ve ly.

~ A 60-inch waterline running under 32nd Street was avoided by

altering the box slope. Otherwise, there are no utility conflicts.

The existing right-of-way for Utopia Road is sufficient for this

1atera 1• No add it i ana 1 ri ght -of -way is needed.

5. EAST AREA - GREENWAY CHANNEL OUTLET

proj ects requi red to convey 50-year

their costs.

The proj ects descri bed in

summarized in Tables 6.5.

this

Tables

section and their costs a e

6.5 also lists correspond'ng

and la-year floods, along w· h

Detention Basin #6. (SHEET 11 OF 15) This basin is t e culm'nat'on

poi nt for both the East Area - Greenway Channel Out 1et and the

Greenway Channel Extension. It is located on the east s 'de of Cave

L..-----------------------lNllgg?-C$)I!L(Q)I\f1~~~__----I
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COST COMPARISON TABLE - EAST AREA

10 YEAR FlOUO 5U YEAI{ flUOO lOU YEAR HUUO
CUST CUST CUST

DESCR IPTlUN LENGTH II STRUCTURE UNIT TOTAL Q STIlUCTURE UNIT TOTAL II STRUCTURE UNIT TOTAL
(ft) (cfs) ( 5) ( 5) cfs) (5) (5) (cfs) ( 5) ( 5)

EAST AIlEA
;;z;.;;a:=;a~;a

Detention "asfn #6 2U.5ac RIll 582U,OOU 11/11 Sl,60U ,OUO RIll 52,74U,OOU

Constr. 5475,000 Constr. 5tl84 ,000 Constr. 5942,590

Detention Basin #6 to 1,750 673 Concrete 5100 Sl75,OOO 1,144 Concrete $110 $192,500 1,374 Concrete Si2U $210 ,000
29th St. Channel Channe I Channel

2.41ac RIll 58UU,OOO StlOU ,UOO $tlUU,OOU

2Yth St. to Phelps Rd. 1,700 373 12' x4' 5576 $979,2UO 626 2-11'x4' $I,U80 $I,836,OOU 749 2-12'x4' $1,152 Sl,lJ5l.!,4UO
BUX BUXES BUXES

Phelps Rd. to Bell Rd. 75U 373 tl'x4' 5432 $324,OUU 626 2-7'x4' 5792 5594 ,DUO 749 2-8'x4' $864 $648,UOU
BUX BUXES BUXES

lJe 11 lid. to 32nd. St. 2,OUU 3UlJ l.!'x4' $432 5l.!64,OOU 51lJ 12'x4' 5576 S1,152,UOU 620 2-!!'x4' $864 Si,72l.!,UUO
BUX BUX BUXES

32nd. St. to Grovers Ave. 2,400 12l.! 54" IlCP $216 $51tl,4UU 21lJ 66" I{CP $264 5633,6UU 265 72" RCP 52!!tl $6Yl,2UO

Grovers Ave. to 260 128 42" kCP $174 $45,240 21lJ 54" RCP $216 $56,160 265 54" RCP 5216 $56,16U
Detention Basin ,4

Up.tention Basin #4 13.7 ac RIll S4U,UUO 554tl,OUU RIll 540,OUU 554tl,OOU RIll 540,000 554B,OUU

Constr. 546U ,000 Constr. $550,UOU Constr. 5629,926

Oetention Basin ,4 to 1,55U 14U Iiodify Ex 55U $77 ,5UU 272 I1o<1i fy Ex $6U 593,UOO 336 Modi fy Ex S7U $lUtl,5UU
Cu Ivert Out let Channel Channel Channel

Culv rt under Union 770 100 7' x4' $396 53U4,92U 196 11 'x4' 554U S415,8UO 243 12'x4' 557b $443,52U
1111 IsUr1ve 80X IJUX BOX

~Utl rurAL $6,3lJl,20U 5Y,355,UtiU $lI,~U4,2lJb
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COST COMPARISON TABLE - EAST AREA

IU YEAR FLOOO 50 YEAR FLOOD IUU YEAR FLOOD
CUST CUST CUST

oESCR IPTION LENGTlt lj STRUCTURE UNff TOTAL lj STRUCTURE UNIT TOTAL lj STRUCTURE UNIT TOTAL
( ft ) (ds) ( $) ( $) (e fs ) (S) ( $) (ds) ( $) ( $)

PARAUISE LANE LATERAL
::::S22=X22s=:==sa: ••

29th St. to 33rd St. 2,46U 183 7'x4' S396 $974,16U 316 11' x4' S~40 Sl,328,400 378 12'x4' $576 Sl,416.96U
BOX BUX BUX

SUBTOTAL $974,160 Sl,328,4UO $1,416,960

10 YEAR FLOUD 50 YEAR FLOOU 100 YEAR FLUOD
CUST COST COST

DESCR IPTION LENGTH lj STRUCTURE UNIT TOTAL lj STRUCTURE UNIT TOTAL lj STllUCTURE UNIT TOTAL
(rt) (efs) ($ ) ( $) (e fs) ( $) ( S) (e fs) ( $) ($ )

BELL ROAD LATERAL III
:&=_:2222:::==Z2=====

32nd St. to 36th St. 2.UUO 95 54" RCP S216 $432 ,OUU 15ll 60 00 Rep $24U $4llU ,UOU Ill7 66 00 RCP S264 $~2H.UUU

SUBTOTAL $432,OOU $4llU,UUU $528,UUU

10 YEAR FLOOU 50 YEAR FLOOU 100 YEAR FLUOD
COST COST COST

OESCR IPTION LENGTH lj STRUCTURE UNIT TOTAL lj STRUCTURE UNIT TOTAL lj STRUCTURE UNIT TOTAL
(ft) (efs) ( $) ( S) (ds) ( $) ( $) (efs) ( $) ($ )

GULF COURSE LATERAL...................
o t ntton Basin to 2,2UU 175 Earth $5U $110 ,000 364 Earth $5U $110 ,UOU 450 Earth $50 $110 ,OUO

3llth St. Channe I Channe 1 Channel

3tlth St. to 39th St. 660 135 00 $40 $26,40U 28U 00 $4U $26,400 361 00 $4U $26,40U

5.05ac Rill $4U,OOU $202,UUO Rill $40,UOO $202,UOU Rill $40,UUU $ZU2,UUU

uurorAL $33ll,400 $33ll,400 S33ll,4UU

rUrAL FOIl EA T AREA $8,135,820 $11 ,501 ,tl60 S13,787,656



Creek Road and fronts on the north edge of the proposed Greenway

Road al i gnrrent. It encorrpasses 25.3 acres and is 8-foot deep. It

drai ns into the Greenway Channel through three 10-foot X 6-foot

reinforced concrete box culverts which pass diagonally under the

intersection of Cave Creek Road and the proposed Greenway Road

al i gnrrent.

There is no right-of-way in the area. To obtain the required

acreage, several horres will need to be relocated.

There is a 30-inch diarreter sanitary sewer that runs underneath the

basin in a north-south direction. Relocation or cerrent slurry

backfill will be required to protect this sewer. An 8" VCP under

26th Street will need to be relocated.

Paradise Lane Alignment: Detention Basin #6 to 29th Street. (SHEET

11 OF 15) This reach consists of 1750 lineal feet of concrete lined

open channel. Starting at the east end of Detention Basin #6, it

runs upstream and east along the extension of the Paradise Lane

centerline. A typical cross-section consists of a 20-foot bottom

width, 2:1 side slopes, a 6-foot depth, and an 8-foot shoulder

access on each side.

The required right-of-way is 60-foot. To obtain this arrount of

right-of-way, several residential buildings will require purchase or

relocation.

There are two sanitary sewers that run perpendicular to and

underneath the channel bed. One of these sewers will have to be

lowered. Both of them should be concrete encased.

29th Street: Paradise Lane to Bell Road. (SHEET 6 OF 15)

are two reaches that make up this section. The first is co os

1700 1ineal feet of two 12-foot X 4-foot reinforced concre e

'------------------lNl7..gg/.®fJ,'- ~~=';6"-----..
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The second consists of 750 lineal feet of two 8-foot X 4-foot

reinforced concrete boxes. These boxes run parallel to and two feet

to the west of the centerl i ne of 29th Street throughout thei r

length. They efTl)ty into the open channel structure at the Paradise

Lane i ntersecti on, and recei ve thei r flow from the upper reach of

pipe under Bell Road.

There is a critical utility conflict with a sanitary sewer line in

the lower reach. This sewer is a dead end reach with minimal

service and therefore easily relocated.

The existing 29th Street right-of-way is sufficient for this storm

d ra in.

Bell Road: 29th Street to 32nd Street. (SHEET 14 OF 15) Thi s

reach consists of 2000 lineal feet of two 8-foot X 4-foot concrete

boxes aligned two feet north of centerline in Bell Road. For

priority number 1, a temporary alignrrent of 720 lineal feet in Bell

Road will connect this reach with the proposed Bell Road Lateral II.

No utility conflicts or additional right-of-way affects this reach.

32nd Street: Bell Road to Gravers Avenue. (SHEET 6 OF 15) This

reach is made up of 2400 1ineal feet of 72-inch diarreter reinforced

concrete pipe. It runs parallel to and 30-foot to the west of t e

centerline of 32nd Street. It discharges into a box structure unde

Bell Road and recei ves its flow from the out 1et structu re a

Detention Basin #4.

No critical util ity conflicts have been identified throug 0 ~:s

length.

The 32nd Street right-of-way is adequate for this storm d a

'---------------------lNllgg?-W/IL= ~!0~137__----l
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Detention Basin 14. (SHEET 6 OF 15) This basin is located at the

northeast corner of the i ntersecti on of Grovers Avenue and 32nd

Street. It contains 13.7 acres and is 6-foot deep. It drains to a

single 54-inch diarreter reinforced concrete pipe that enters into a

72-inch dialTEter pipe under 32nd Street. It receives inflow from an

existing open channel on the east side of 32nd Street north of the

basin, and a new open channel from the golf course to the west. To

use the existing channel to the north, a drop structure will have to

be constructed at its inlet. The drop structure will be more cost

effecti ve than to regrade the channel and incorporate si mi 1ar drop

structures upstream.

No utility conflicts have been identified in this area.

Storm Drainage right-of-way will need to be obtained or designated

for the entire area. Parts of this site are currently owned by

Maricopa County and the North Valley Education Center.

Detent i on Basin 14 (Grovers Avenue) to Uni on Hi 11 s Dri ve. (SHEET 6

OF 15) Thi s secti on of the drai nage structu re is corrposed of two

existing reaches of detention basin that are connected via 2 new

10-foot X 4-foot reinforced concrete boxes that convert them into

one earthlined open channel. The boxes are located under an

entrance dri ve that services the property to the east from 32nd

Street. A typical cross-section for the channel is corrposed of a

28-foot bottom, a 3.4-foot depth, and 4:1 side slopes. It runs

upstream from its outlet at detention Basin #4 north to about Un·o

Hills Drive on an alignlTEnt parallel to the centerline of 32 d

Street and 90-foot east of it.

A 12-foot X 4-foot concrete box culvert under Un·on H·lls Dr· e s

recomlTEnded to intercept flow from north of Union H·lls r e.

L-----------------------/NIl~?_§11L..©IIf1'.f7:sf1jg1----l
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Since this stretch is made up of roodified existing features there

are no utility interferences.

An addit i ona1

east of the

encorrpass thi s

70-foot of right-of-way will be required irnrediate1y

existing 32nd Street right-of-way to adequately

reach of drainage structure.

Paradise Lane Lateral. (SHEET 11 OF 15) This lateral contains

three reaches of box culverts, running upstream from 29th Street,

where they discharge into the East Area - Greenway Channel Outlet.

Throughout thi s di stance they run at a 5-foot offset south of the

centerline of Paradise Lane. All three reaches consist of a single

12-foot X 4-foot reinforced concrete box. They differ in slope to

avoid utility conflicts.

While many utilities present possible conflicts for this lateral,

only two are critical. The first is a sanitary sewer 1 ine that

crosses lateral near 29th Street. It will have to be relocated.

The second is a 36-inch waterline that runs under 32nd Street. It

will need to be lowered.

There is no additional right-of-way required for this lateral. The

existing Paradise Lane right-of-way will be sufficient.

Bell Road Lateral III. (SHEET 14 OF 15) This lateral consists of a

single reach of drainage structure. It will drain into the Eas

Area - Greenway Channel Out1 et at 29th Street and Bell Road. 0 I

there it runs upstream and east, two feet north of the cen e 1· e

under Bell Road. It consists of 2000 1ineal feet 0 -: c

reinforced concrete pipe.
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An additional 660 feet of 66-inch reinforced concrete pipe between

28th Street and 29th Street wi 11 need to be const ructed, as an

interim rTEasure until the Greenway Channel outlet is completed.

This will allow the Bell Road Lateral III to temporarily drain into

the Bell Road Lateral 11.

No util ity conflicts have been identified for this lateral.

The existing right-of-way for Bell Road in this area is sufficient

for this pipeline.

Golf Course (Gravers Avenue AlignllEnt) Lateral. (SHEET 15 OF 15)

This portion of the drainage structure consists of two reaches of

earth-l ined open channel. It runs upstream, from its outlet at

Detention Basin #4, west across the Paradise Valley Park Golf Course

to the south boundary of the golf course, following the boundary for

1350 feet. Overland flow is collected into the channel throughout

its length as it travels across the golf course. The first reach is

1500 lineal feet and the second is 700 lineal feet. A typical

cross-section is made up of a 8-foot bottom, a 6-foot depth, with

6:1 side slopes, and lO-foot shoulder access areas on each side.

No critical utility conflicts have been identified.

Additional right-of-way will have to be obtained throughout the

channel length. This right-of-way will consist of the south 100

feet of the golf course. A lOU' wide right-of-way will be needed in

the south area of the golf course.

'------------------------INI7~§I!L©I'.ftlf7~1l27-------'
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6. GREENWAY CHANNEL EXTENSION (SHEET 11 OF 15)

Table 6.6 lists the various projects described in this section, and

their estimated costs. Also included in Table 6.6 are the costs of

downsized facilities to carry 50-year and 10-year storm events.

Three reaches of concrete box cu1 vert make up the Greenway Channel

Extension. All reaches follow the centerline of the proposed

Greenway Road AlignllEnt per the "Greenway Road Location Study"

perforllEd for the Ci ty of Phoeni x (P-82035 7) by Di bb 1e and

Associates. The project runs upstream from Detention Basin #6 to

just east of 29th Street.

The first reach is composed of two 12-foot X 4-foot reinforced

concrete boxes and extends for 1430 1i nea1 feet. The second reach

is made up of two II-foot X 4-foot reinforced concrete boxes and is

750 lineal feet in length. The third reach also consists of two

ll-foot X 4-foot rei nforced concrete boxes, and is 1050 1i neal feet

in 1en gt h.

There are two critical utility conflicts along this lateral. Both

are sanitary sewers. One may have to be relocated, to avoid

i ntersecti ng the 1ateral • The second wi 11 requi re concrete

encasement for structural and infiltration protection.

If the proposed al i gnment for Greenway Road is used it wi 11 prov 0 de

adequate right-of-way for this structure.

7. SOUTH AREA GREENWAY CHANNEL OUTLET (SHEET 13 OF 15)

This project is corrposed of four reaches. The projec carr es 10

from two inlets, located in the area of Eve et Oro e a d 2 5 'ay,

to the Greenway Channel. The a1 i gnments and s ruc es e e1 ves

L-----------------------!N/7.!;;g(.&I/LlQ)lifllf'j~?13l-------.J
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COST COMPARISON TABLE - GREENWAY CHANNEL EXT.

10 YEAR FLOOD 50 YEAR FLOOD 100 YEAR FLOOD
COST COST CUST

DESCR IPTlllN LENGTH Q STRUCTURE UNIT TOTAL Q STRUCTURE UNIT TOTAL Q STRUCTURE UNIT TOTAL
(ft r (efs) ( S) ( S) (ds) ( S) (S) (ds) ( S) ( S)

GREEN~AY CHANNEL EXT.
::_:~_=~=~_~:_~:_:=:a

Uetention Basin 16 to 1,430 3B7 12'x4' S576 Sll23,6BD 6~3 2-11 'x4' U,UllO S!,544,400 771 2-12'x4' S!,152 S!,647,360
27th St. BOX BOXES BOXES

27th St. to 29th St. I,BOO 257 II'x4' S540 S972 ,000 42B 2-11'x4' S!,08U S!,944,UOO 508 2-11 'x4' U ,080 S!,944,OOU
BOX BOXES

TOTAL GRN~Y CHNL. EXT. S! ,795.680 S3,4811,400 S3,~9I,360



•

vary greatly and are therefore addressed below individually. Table

6.7 sunmarizes the projects described in this section and their

costs. Downsized facil ities requi red to carry 50-year and la-year

flows only, are also identified in Table 6.7.

Greenway Channel to Waltann Lane. The first reach consists of 1250

lineal feet of concrete lined open channel, which follows the course

of an existing drainageway from its outlet at the Greenway Channel

to its intersection upstream of Waltann Lane. In between, the

channel crosses under Monte Cristo Avenue using three 12-foot X

6-foot reinforced concrete box culverts. The channel has a bottom

width of 30 feet, a depth of 7 feet, side slopes of 1:1, and a

service access way on each side of 8 feet.

Since the channel, as planned, follows the alignment of an existing

drainage way, there is a corresponding drainage easement in place at

thi s time. The status of thi s easement may need to be changed to

that of a dedicated right-of-way.

There is a critical utility conflict with a sanitary sewer line

underneath Monte Cristo Avenue. This sewer will have to be

relocated.

Waltann Lane to Greenway Road. This reach consists of 1220 lineal

feet of two la-foot x 8-foot reinforced concrete boxes. They inle

from two small er boxes at Greenway Road and transport the flo 0

the open channel reach below. Their alignment varies as ey d

their way along Wa1tann Lane, paralleling an existing sewe 1· e.

There is a sanitary sewer line that crosses over t e oxes s

area. Structural protection will need to be p ov·ded 0 ese

the form of a concrete saddle or similar dev·ce.

There are no additional right-of-way requ·rements for t ·s area.
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COST COMPARISON TABLE - SOUTH AREA

10 YEAR FLOOD 5U YEAR FLOOD IOU YEAR FLUOD
CUST COST COST

DESCR IPTIUN LENGTH Q STRUCTURE ONIT TOTAL Q STRUCTURE UNIT TOTAL Q STRUCTURE UNIT TOTAL
(tt) (cfs) ( S) ( S) (e fs) ( S) ( $) (efs ) ( S) ($ )

SOUTH AREA
::==:;1:;;.&;:01

Greenway Channel to 1,25U I,UU4 Modify Ex S120 SI5U ,UOU 1,655 Modify Ex SI20 SI50,OOO 1.953 Modify Ex SI20 SI~O ,OOU
Waltann Lane Channel Channel Channe 1

lIaltann Lane to 1,220 I,OU4 2-8'x6' Sl,08U SI,317,600 1,655 2-1U'x7' SI ,344 Sl,639,68U 1,953 2-1U'x8' Sl,460 $1,781,200
Greenway Rd. BOXES BUXES BOXES

Greenway Rd. to 1,50U 784 11' x6' S64l:l S972 ,000 1,277 2-9'x6' Sl,152 SI, 728 ,OUU 1,5U3 2-IO'x6' Sl,224 Sl,l:l36.000
21st Way BOX BOXES BOXES

Zist Wy. to Zlst Pl. 1.420 614 lJ'x6' S540 S76b ,8UO 1,000 lI'x6' S648 S920.16U 1,173 12'x6' S6l:l4 $971,280
BOX BOX BOX

1.72ae RIll S40,OUO $68,80U RIll S40,OOO S68,llUU RIll $40,UOu S68,800

rUrAL FUR SOUTII AREA SJ,275,20u S4 ,5U6 ,64U S4 ,807 ,2BO

•••• GRANU TOTAL •••• S54,379,569 S68 ,109 ,B69 S74,306,945



22nd Street: Greenway Road to 21st Way. 1500 1i nea1 feet 0 f two

10-foot X 6-foot reinforced concrete boxes make up this reach of the

drainage structure. It lies under 22nd Street at an offset distance

of 5 feet east of centerline.

No critical utility conflicts have been found for this reach.

The existing 22nd Street right-of-way is sufficient for this reach.

Everett Dr;ve to 22nd Street. This reach is composed of 1120 lineal

feet of a 12-foot X 6-foot reinforced concrete box. It;s aligned

under 21st Way at a 5-foot offset to the southeast. It continues

upstream, past the end of 21st Way (at Claire Drive) under the

alignment of an existing drainage channel, to Everett Drive.

At Everett Drive the structure has two inlets. The first is located

at the box·s intersection with Everett Drive, where it receives the

flow from an existing drainage channel. The second is located to

the west of Everett Drive. The flow from this second or west inlet

is carried to meet the flow of the first inlet via 300 lineal feet

of 12-foot X 6-foot reinforced concrete box.

No additional right-of-way is needed in the areas where the

structure - runs underneath 21st Way or Everett Dri vee However, in

the areas where existing drainage channel alignments are utilized,

only drainage easements exist. It may be desirable to change th's

status in the future.

A critical utility conflict exists with a sanitary sewe

of the intersection between 21st Way and 22nd St;-ee .

sewer avoidS contact with the box it has no clear d's ace.

need to be protected.

e a e

e s
. 11

n
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CHAPTER 7

PHASING AND IMPLEMENTATION

INTRODUCTION

Chapter 6 presented a description of the various recommended

projects included in the Upper East Fork Cave Creek Preliminary Area

Drainage Master Plan. This chapter contains recommendations for

budgetary and construction phasing.

For bUdgeti n g purposes, capital improvements must be pri orit i zed and

constructed in phases as funding permits. To identify phasing of

the proposed storm drainage improvements for this area, three

priority categories were used. Priority No. 1 is used to indicate

those projects that are recommended for construction within the next

5 years. Similarly Priority No.2 indicates those parts of the

drainage structure that are recommended for construction in the next

5 to 10 years. Pri ority No. 3 indi cates those projects that are

recommended for construction after this initial 10 year period.

Tables 7.1, 7.2 and 7.3 summarize each of the master plan projects

and their construction cost in 1987 dollars by priority.

Priorities have been assigned only as a guide to the rela ve

urgency of the storm drainage improvements. They are subjec 0

revi si on for vari ous reasons. For instance, in the next fe years

changes may occur in the drainage areas development pa e s. e

current financial obligations of government agencies or a 0 a

developers may also vary. Further, as schedul'

construction in the area becomes clearer, s'gn' 'ca s e

achieved by coordinating storm sewer const uc on f • e

roads or highways.
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The different .projects considered as Priority No.1 have been listed

with a brief discussion of their priority qualifications. Those

rerraining projects that have been designated as Priority No.2 or

Priority No.3 have silllJly been listed along with their estimated

project costs in 1987 dollars.

Each priority phase as proposed has been drawn up schematically in

Figures 7.1,7.2, and 7.3 respectively. Each progressive figure

shows exi sting drainage facil ities or phases of earl ier proposed

illlJroverrents, as well as those projects included in that particular

phase.

PRIORITY NO.1

Figure 7.1 shows the Priority No.1 projects. The estirrated cost of

these projects is $39,787,587.

Greenway Channel. All projects within the Upper East Fork Cave

Creek watershed eventually drai n into the Greenway Channe 1• Thi s

channel rust therefore be desi gned and constructed fi rst. Porti ons

of thi s channel are now constructed or under constructi on. Other

portions have been designed. COlllJletion of this channel is

necessary so that the rerra ining projects can be added as soon as

possible.

9th Street - Greenway Channel Outlet &Detention Basin's No.2 &No.

5. 9th Street is known to be an area that experiences major

flooding problems even during srrall frequency storms. While·t ·s

not in the Upper East Fork Cave Creek floodway, the damage and

inconvenience that would be experienced in this area, ·n the event

of a major runoff event, would be rrost excessive and unacceptable.

These detention basins will mitigate storm darrage along 9th street,

along with helping to keep the Upper East Fork Cave Creek Watershed

discharges below the design flows for the Arizona Canal Diversion

Channe 1 (ACOC).

L-----------------------!Nl7..gg?-wIILiQ)Ilf1If7~jlgI------'
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It is important that land be acquired for these two detention basins
now, before other i mprovelll!nts are constructed on these 1ands, and
the property becomes unavailable or unaffordable.

Upper East Fork Cave Creek & Detention Basin's No.1 &No.3. The
areas immediately adjacent to the proposed Upper East Fork Cave
Creek channel represent the most serious flood risk within the Upper
East Fork Cave Creek watershed at this tilll!. Channelization and
detent i on wi 11 control thi s risk, and can permi tree1ai mi ng SOIll!

properties now within FEMA floodways for beneficial use.

East Area Greenway Channel Outlet / Bell Road: 29th Street to 32nd
Street & Bell Road Lateral's I, II, & III. All of these segments
are within the alignnent of Bell Road. Bell Road is scheduled for
widening and reconstruction by the Maricopa County Highway
Department and the City of Phoeni x withi n the next 5 years. Large
construction cost savings may be realized for these drainage
projects if their construction can be incorporated into the roadway
construction work on Bell Road.

Right-of-Way. Developlll!nt in the drainage area is proceeding at an
alarming rate. Several parcels of land that were looked at at one
time as sites for various drainage system elelll!nts have since been
developed. Areas proposed in this report for drainage improvements
may also soon be developed if required right-of-way is not acquired
now. Therefore, any right-of-way that is needed for Priority No. 1
alignments, or for the future construction of Priority No.2 or
Priority No.3 projects, should be purchased at this time.
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ESTIMATED COST IN 1987 DOLLARS
PRIORITY NO. 1

PROJECT

Greenway Channel

9th St. - Greenway Channel Outl et
Upper East Fork Cave Creek
East Area - Greenway Channel Outlet

Bell Road 29th St. to 32nd St.
& Bell Road's Laterals I, II & II I

TOTAL PRIORITY NO. 1

TABLE 7.1

COST

Cost Not Included

$ 8,458,040
$24,225,309

$ 7,104,240

$39,787,587
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PRIORITY NO.2

Priority No. 2 projects are those projects that can be deferred for
approxi mately 5 years. Fi gure 7.2 shows the Pr; ority No. 2 projects.
These projects, and their costs, are shown on Table 7.2.

The total cost of these projects is estimated to be $13,691,030.

PR IOR ITY. NO. 2

z

PROJECT

Campo Bello - 14th St. - Grovers Ave. Lateral
20th St. Lateral
Grovers Ave. Lateral
Utopia Road Lateral

East Area - Det. Basin #6 to Bell Road

TOTAL PRIORITY NO. 2

TABLE 7.2

COST

$ 2,465,520
$ 777,600
$ 1,260,000
$ 1,888,920

$ 7,298,990

$13,691,030

a
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PRIORITY NO.3

Pri ority No. 3 proj ects are those projects whi ch can be deferred for

IOOre than 5 years. These Priority No. 3 projects are shown on Figure
7.3. The projects and their costs are shown on Table 7.3.

The total cost of these Priority No. 3 projects is estimated to be
$20,828,326.

PRIORITY NO.3

PROJECT

Union Hills - Cave Creek Outlet
7th St. - Bell Road to Michigan Road
Morrow Drive Lateral
South Area - Greenway Channel Outlet
East Area - 32nd St: Bell Road to Union Hills
Paradise Lane Lateral
Golf Course Lateral &Detention Basin #4

TOTAL PRIORITY NO. 3

TOTAL PRIORITIES 1, 2 &3

TABLE 7.3

COST

$ 3,407,400

$ 1,582,260
$ 3,207,360

$ 4,807,280
$ 2,477,306

$ 1,416,960
$ 338,400

S20 ,828 ,325
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